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Harlan  Divereion  Project 
gmiTiHa  t- -i  f»ii  Report 


,1.  Introduction. 

1  ■  1 _ Location  and  Description  of  Project  .  The 

southeastern  Kentucky  community  of  Harlan  is  located  in  a  flood 
prone  area  near  the  confluence  of  three  major  forks  of  the 
Cumberland  River.  The  project  consists  of  four  parallel 
tunnels  which  divert  Clover  Fork  through  Ivy  Hill  and  away  from 
the  Harlan  central  business  district.  Each  tunnel  is  32  feet 
high,  34  feet  wide,  and  approximately  2,000  feet  long.  The 
tunnels  are  reinforced  by  rock  bolts  and  lined  with  shotcrete. 

Near  the  upstream  portals  a  diversion  structure  diverts  Clover 
Fork  into  the  tunnels.  The  diversion  embankment  is 
approximately  30  feet  high,  with  a  maximum  height  of  50  feet. 
It  is  200  feet  wide  at  the  base  and  600  feet  long.  A  slurry 
trench  and  sheet  pile  cutoff  prevents  seepage  beneath  the 
embankment.  A  floodwall  and  a  closure  structure  across  a 
single  track  railroad  line  are  incorporated  into  the  left 
abutment  of  the  diversion  embankment . 

Changes  in  the  flow  of  Clover  Fork  required  two  highway 
relocations,  one  at  either  end  of  the  diversion  tunnels. 
Upstream,  Kentucky  Highway  38  was  relocated  away  from,  the 
existing  Clover  Fork  channel  through  road  cuts  and  over  a  316 
feet  long,  two  span,  post-tensioned,  I-beam  bridge  which  spans 
the  diverted  channel  as  it  enters  the  tunnels.  On  the 
downstream  side  Kentucky  Highway  72  was  re-built  over  a  45C 
feet  long,  four  span,  pre-tensicned,  I-beam  bridge  which  spans 
Clover  Fork  as  it  exits  the  tunnels. 


1.2  Construction  Authority  and  Project  History.  Initial 
studies  for  this  project  were  authorized  by  the  Energy  and 
Water  Development  Act  of  1961  (PL  96-367,  Section  2C2.^  This 
acu  authorized  the  design  and  construction,  at  full  Federal 
expense,  of  flood  control  measures  in  the  portions  of  the 
Cumberland  River  Basin  damaged  by  severe  flooding  in  April 
1977  . 


The  Supplemental  Appropriations  Act  of  1982  (PL  97-2^7  of 
September  1982)  further  required  that  high  levees  and 
floodwalls  constructed  to  comply  with  the  Energy  and  Water 
Development  Act  of  1981  shall  provide  for  a  standard  project 
flood  (SPF)  level  of  protection  where  the  consequences  from 
overtopping  caused  by  large  floods  would  be  catastrophic. 
Similar  language  was  contained  in  the  Energy  and  Water 
Development  Appropriation  Bill  of  1983  (HR  Report  97-850  of 
September  1982),  which  also  specifically  directed  the  Army 
Corps  of  Engineers  to  study  and  design  protection  for  several 
Upper  Cumberland  River  Basin  communities,  including  Harlan, 
Kentucky . 
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House  Joint  Resolution  492  {PL  98-3222  of  July,  1984)  directed 
the  Corps  of  Engineers  to  implement  immediately  "nonstructural 
flood  control  measures  such  as  relocation  sites,  flood-proofing 
and  flood  nlain  acquisition,  and  evacuation  as  described  in  the 
Genera"  j.an  for  Section  202  Program  Implementation." 

An  Environmental  Impact  Statement  was  published  in  April  1986. 

A  sealed-bid  solicitation  (No.  DACW62 - 89 -B- 0026 )  was  issued  on 
1  June  1989  with  a  2  August  1989  deadline. 

On  1  Septemiber  1989  Contract  No.  DACW62-89-C-0092  was  awarded 
to  Grassettc  USA  Construction,  Inc.  and  Incisa  USA,  Inc.,  Joint 
Venture,  for  the  sum  of  $  28,781,458.55.  The  Government 

Estimate  was  $  31,305,500.  The  final  construction  cost, 

including  all  contract  modifications,  was  $  31,430,719.49. 

Notice  to  proceed  was  given  on  21  September  1989.  The 
originally  scheduled  completion  date  was  20  September  1992,  and 
was  extended  tc  7  March  1993. 

The  Harlan  Flood  Control  Project  Groundbreaking  Ceremony  was 
held  on  9  October  1989  at  the  downstream  portal  site.  Ceremony 
participants  included  Congressman  Harold  Rogers,  Colonel  James 
A.  Ward,  Colonel  James  King,  Area  Engineer  J.C.  McDaniels, 
Contractor  Representative  Massimo  Rossi,  and  Harlan  Mayor  L.C. 
Howard . 

1.3  Purposes  of  Report.  This  Harlan  Diversion  Project 
Foundation  Report  was  prepared  to  insure  the  preservation  of 
records  of  foundation  conditions  encountered  during 
construction  and  of  methods  used  to  adapt  structures  to  these 
conditions.  The  Foundation  Report  along  with  referenced 
preconstruction  reports  and  construction  progress  reports  will 
provide  a  complete  record  of  project  foundation  conditions.  As 
stated  in  Engineering  Regulation  No.  1110-1-1801,  the  potential 
uses  of  this  Report  include: 

1.  Planning  additional  foundation  treatment  should  the 
need  arise  after  project  completion. 

2.  Evaluating  the  cause  of  stress,  deformation  or  failure 
of  a  structure. 

3.  Planning  remedial  action  should  failure  of  a  structure 
occur  as  a  result  of  foundation  deficiencies. 

4.  Planning  foundation  explorations  and  anticipating 
foundation  problems  for  future  comparable  construction 
pro j  ects . 

5.  Determining  the  validity  of  claims  made  by 
construction  contractors  in  connection  with 
difficulties  arising  from  alleged  foundation 
conditions  or  from  alleged  changed  conditions. 

6.  Serving  as  part  of  the  permanent  collection  of  project 
engineering  data  required  by  ER  1110-2-100,  Apoendix 
A . 
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1.4  Resident  Construction  Staff. 


J.C.  McDaniels . Area  Engineer 

Capt .  Allyn  Allison .. .Assistant  Area  Engineer 

Ed  Robertson . Construction  Representative 

Charles  Melton . Office  Engineer 

Paul  A.  Ross . Geologist 

Tim  Shy . Geologist 

Ronnie  Boswell . Materials  Engineering  Technician 

Dan  Ferrell . Contract  Administrator 

Tommy  Clayton . Construction  Inspector 

James  Forrester . Construction  Inspector 

Robert  Marshall . Construction  Inspector 

Orville  Wicker . Construction  Inspector 

Debbie  Klinger . Secretary 

Teresa  Perkins . Secretary 


1 . 5  Design  Staff . 

Marvin  Simmons . Chief  of  Geology  Section 

John  Stanton . Geology  Section 

Paul  Booth . Soils  Section 

Daphne  Jackson . Soils  Section 

Jesse  Perry . Chief  of  Design  Branch 

Gordon  McClellan . Chief  of  Civil -Structural  Section 

William  Wilson . Civil -Structural  Section 

Buddy  Abbott . Chief  of  Relocations  Section 

Hank  Phillips . Chief  of  Hydraulics  Section 

Don  Getty . Hydrology  and  Hydraulics  Branch 

Tommy  Allen . Hydrology  and  Hydraulics  Branch 

Charles  Davis . Instrumentation  and  Inspection  Section 

Ray  Hedrick . Environmental  Branch 

Rob  Karwedsky . Environmental  Branch 

Sandra  Martin . Waterways  Experiment  Station 

Richard  Humphries . Tunnel  Design  Consultant  (Golder  Assc . ) 

Don  Mills . Bridge  Design  Consultant  (Kroboth  Eng./ 


1.6  Prime  Contractor's  Supervision  and  Quality  Control . 


Renatto  Bozetti . Project  Manager 

Lou  Case . Project  Engineer 

Hank  Leatherman . General  Superintendent 

Jerry  Haney . Tunnel  Superintendent  (1st  Shift) 

Roy  Hill . Tunnel  Superintendent  (2nd  Shift) 

Tom  Trapp . Chief  QC  &  Instrumentation  Specialist 
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1.7  List  of  Major  Subcontractors. 


Company 


Responsibility 


Codell  Construction  Co .  Surface  Excavations,  Roads,  & 

Winchester,  Kentucky  Diversion  Embankment 


London  Bridge. . . . 
London,  Kentucky 


Hayes  Drilling  Inc.. 
Lexington,  Kentucky 

GeoCon  Inc . 

Lakeland,  Florida 


Hwy  38  Si  Hwy  71  bridges. 
Upstream  Portal  Nosing 
Concrete,  Railroad  Closure 
Structure  and  Floodwall 

Hwy  38  Bridge  Caisson 
Drilling 

Slurry  Trench 


Underground  Petroleum .  Underground  Tank  Removal 

Equipment  Company 
Lexington,  Kentucky 
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2.  Contract  Modifications  Related  To  Foundation  Conditions 

f 

No .  Date  Description  Cost 

22  Sep  90  Clearing  U/S  Portal-  Extended  clearing  $  3,546 

limits  uphill  because  portal  slopes  were 
revised . 

25  Nov  90  Nosing  Reinforcement  U/S  and  D/S-  Install  99,576 
additional  angled  and  vertical  bolts,  up 
to  40  feet  long,  to  reinforce  corners  and 
nosings  prior  to  blasting. 

37  Apr  91  Hwy  72  Bridge  Revision-  Additional  39,925 

concrete  required  to  provide  pier  footing 
embedment  into  rock. 

39  Jun  91  Hwy  38  Bridge  Revision-  Revise  caissons  164,135 

and  wing  walls  because  rock  was  lower 
than  anticipated. 

40  Jun  91  Hwy  38  Slide  Removal  and  Trim  Nosings-  24,55C 

Remove  landslide  material  from  slope  and 
roadway  between  stations  55+00  and  57+00. 

Trim  overhanging  rock  from  upstream  portal 
nosings . 

45  Aug  91  Trim  Nosings  and  Additional  Concrete-  119,710 

Trimming  and  additional  concrete  was 
required  because  nosings  shifted  during 
blasting. 

56  Apr  92  Reinforce  D/S  portal  slope  and  cracked  10,634 

shotcrete  above  tunnels  3  and  4 . 

63  Sep  92  Extend  diversion  embankment  seepage  cutoff  122,547 

farther  into  the  right  abutment  by  adding 
sheet  pile  wall  section,  because  rock  was 
lower  than  anticipated. 

66  Oct  92  Remove  and  replace  cracked  shotcrete  above  35,209 

downstream  portal  of  tunnel  4 . 

76  Jun  93  Additional  test  blasting  and  engineering  61,541 

control  for  U/S  portal  noses;  redrill  pre¬ 
split  holes  cut  off  because  of  blasting; 
remove  boulders  outside  of  Hwy  38  template 
between  stations  49+00  and  72+00. 


3.  Contract  Quantities  -  Estimated  and  As-Built 

Estimated  and  as-built  quantities  and  unit  prices  are  shown  on 
pages  6  through  12. 
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bwtUCTOKi  tUMUTTO  4  INCIM  UU  (JV) 


!  APOUSSi 

7.0.  HM  M9 

MTCi 

S-An-Si 

! 

lAXTEK,  n.  40a06 

i  canMCT  No.i 

DACW62-a7-e-0092 

PERIOD 

COVEXED  NT  THIS  ISTlNATElU  SEP  87  INNU 

19  JUN  73 

'  ,  . 

OMTUCT 

total 

TO  DATE 

!  jnM  M. 

DCSMIZTION 

UNtT 

BUAMTITT 

UNIT  nticf 

moLMr 

QUANTITT 

AMOUNT 

. 

NOOIL1ZA1IOH  1  7IE7MIAlaKT  MUe 

LS 

2,300,000.00 

1.00 

2,300,000.00 

28.1 

cuMtma.sxuiiuE  t  kemov  xte 

LS 

1 

140,305  J7 

140,305.39 

1.00 

140,305.59 

2e.t  ■ 

OIVEHIOI  t  CAM  07  UATU 

LB 

1 

334,445.74 

354,445.74 

1.00 

554,445.96 

:  ».l 

nCAVAriOB 

a 

380000 

4.42 

2,515,600.00 

4a.428.00 

■  2,754,477.36 

9.>  .  . 

TUtALITTING 

IP 

153340 

2.74 

540,073.40 

134,184.00 

3T5, 847.44 

i  Zi.1  ' 

ruaWEL  EXCAVATION 

CT 

2S3100 

34.53 

7,775.443.00 

20,578.20 

7,771,735.25 

;  270 

lOCX  OOUELI 

LP 

1400 

4.34 

4,944.00 

1,442.00 

4,88.28 

.  «-i 

tax  KXtt  (AWEACE) 

IP 

11000 

4.24 

44,440.00 

20,284.00 

124,584.44 

!  27.3 

TEITIM  tOCK  lOLTl 

EACH 

10 

1,551.28 

15,512.80 

10.00 

15,512.80 

:  17.4 

DEIUIN6  OKAIN  MOLES 

LP 

9000 

t.13 

75,170.00 

11,235.00 

71,340.55 

r.  27  j 

SLOntD  7VC  7t7E  TON  GNAIN  NLS 

LP 

1480 

1.48 

2,822.40 

1,434.00 

2,748.48 

1  27.« 

tTEI7  DXAINI 

IP 

1800 

2.74 

4,732.00 

4,347.00 

11,710.T» 

r  27,7 

mOTCUTE 

ST 

18730 

21.52 

403,500.00 

21,173.70 

454,072.73 

L 

SHorOETE  TEST  SAMPLES 

EACH 

380 

111.04 

u,m.2o 

347.00 

n,S30.u 

'M.; 

SHOTCWTE,  TIKE  EEINTONCCD 

ET 

72300 

23.87 

1,730,575.00 

73,044.10 

,  1,744,047.81 

'  11.2 

mac  BOLTS  (TUNNEL) 

LF 

108000 

4.71 

530,280.00 

108,874.00 

538,581.16 

!  ai't 

SLUUT  TKENCN  nodfa  43 

SP 

13440 

14.43 

224,1K.Z0 

13,644.70 

224,215.24 

2  !»•’ 

ODNPACTED  7IU 

CT 

47000 

3.48 

233,140.00 

77,012.00 

248,001.76 

!  '  21.2 

••INCN  SLOTTEO  PIPE 

LF 

TOO 

8.25 

5,775.00 

712.00 

5,874.00 

j '  21 J 

SMECE  fOLIO  PIPE 

LP 

to 

5.12 

407.40 

80.00 

407.60 

21.4 

■ACXPUL  NATaiAL 

TON 

100 

20.20 

2,020.00 

305.30 

6,167.06 

22.1 

CLEAEIEG  1  EUIEBIEG  TOE  EQWS 

LS 

1 

57,035.80 

57,055.80 

1.00 

57,035.60 

1  ■  22.2 

EOAOUAT  EXCAVATION 

CT 

352000 

t.4Z 

2,330,240.00 

371,874.00 

2,441,817.12 

;  22.3 

niAEIOCNT- IN-PLACE 

CT 

28400 

4.04 

114,734.00 

a, 400 .00 

114,734.00 

!  «;* 

SPECIAL  EXCAVATION 

a 

15700 

4.32 

77,224.00 

13,348.00 

84,357.34 

H  2iJ 

OUSE  GNAOfO  AQGEiCATI  EASE 

ton 

7400 

zo.zo 

173,720.00 

7.005.81 

181,876.74 

f  11.6 

BIT  CONOICTE  SUE7ACS  CLASS  1 

TCM 

580 

37.34 

22,817.20 

884.44 

34,W1.20 

1 

BIT  OONCMTE  SURFACE  OAMM  A 

TON 

380 

40.44 

15,450.80 

507.14 

8,620.31 

j  a.« 

ITT  amaiETE  mse  glass  i 

TON 

7340 

33.13 

2U,174.20 

7,T».48 

S5,TT7.S0 

22.7 

BIT  IWTEIIAl  FOR  TACX 

TON 

3.5 

308.72 

1,080.52 

5.50 

1,080.32 

22.30 

AOPED  fc  7LARB  EON  1-0  IB-IE 

EACH 

4 

2,351.35 

14,108.10 

4.00 

14,108.10 

,  22.11 

SLOPED  t  FLARGO  BOX  1-0  30- IN 

UCM 

1 

3,747.75 

5,747.75 

1.00 

3,747.95 

.  22.12 

CUES  KK  INUT,  TTPE  A 

EACH 

3 

752.75 

2,SB.n 

5.00 

2,88.85 

;  22.1S 

OUNB  BOX  INLET,  TTPt  B 

EACH 

2 

3.172.18 

4,384.34 

2.00 

4,384.34 

:  22.14 

2UiaiOH  SOX,  TTPE  B 

EACH 

1 

1,882.38 

1,882.38 

1.00 

1,482.34 

22.15 

HARHOII,  TTPE  A 

EACH 

1 

2,S3.30 

2,2njo 

1.00 

2,85.30 

;  U..18 

NANHOLE,  TTPt  C 

EACH 

1 

4,177.45 

4,177.45 

1.00 

0.00 

1  22.17 

PIPE  CULVERT.  1S-INCE 

LP 

140 

37.45 

5,2n.oo 

147.00 

S,607.e 

22.iB 

PIPf  CULVERT,  IS-IHCE 

LP 

250 

40.44 

10,164.00 

80.00 

10,145.00 

22;17  . 

PIPE  CULVERT,  24-110 

LP 

100 

52.71 

5,271.00 

la.oo 

4,441.44 

ti-v 

PIPE  CULVUT,  30- INCN 

LP 

72 

47.00 

4,746.08 

72,00 

4.748.00 

{22.h 

PIPE  CULVERT,  4B-IECE 

LP 

84 

18.00 

18,500.00 

84.00 

10,500.00 

■I 

i  tm  farm  flA-t  tUeTKOHie  VUIIOI  ArPJtOVO  IT  IMUWCE  IS  MMCN  1987. 

.  i  • 


i 


ZS^€-EZS(5^9>  NtnabH  TT:;T  ES.  BZ  irif _ 

I  (h  19VJ  (IU8IH8I  h  I9V8  ChZ4  Kl  SIS  1«  CSGt  EZ  iSB  BZ/SD  a3AI333)l  f 


ZS/fd 


8S:8a8^t:8!8(3 


PATMENT  EniMAIE  -  OMnACr  PUPOWUNCI 


iHEir 


OOHTlMCTOIlt  GAAMETTO  A  INCItA  UlA  (A) 


'  mtktsil 

\ 

t  oocntAcr  ho.  : 

P.O.  aOR  AM 
lAXTEN,  a.  A080A 

PAMAZ-«9-C-0O92 

SATCi  ZS-Awi-PS 

PCRIOO  COVERID  ST  THIS  ESTINATEiZZ  SEP  SD  THRU 

19  JUN  93 

f  j 

I- 

I  ITIH  NO. 

OESCtlHTtOH 

UNIT 

OUANTin 

CONTRACT 

UNIT  PRICE 

ANMr 

TOTAL  TO  DATE 

OlMNTin  .  AMOUNT 

;  *4.a 

PIPE  CUIVENT.  AO- INCA 

lU 

15Z.65 

21,981.60 

140.00 

22.592.20 

<  ti.s 

OORCXITI,  CUfI  A 

CT 

za 

izi.a 

3.450.44 

27.98 

3,447.98 

U.M 

VTUL  EflNPOKCtMEMT 

Lf 

1650 

0.19 

I. 468. 50 

t.ao.oo 

• 

1,468.50 

u.b 

nm  •V  MAM  OUAADAAIL  indN-  U 

Lf 

zooo 

17.43 

.40,004.00 

3,212.50 

SS,993.8S 

■  U.26 

TEWINAL  KCTIOH  M.  1 

lACN 

t 

4Z.17 

42.17 

8.00 

337.54 

u.zr 

EM  TREATMNr,  TTPE  ZA 

CACH 

z 

430.70 

861.40 

4.00 

1,722.80 

;  U.ZB  ' 

EM  TREATMMT,  TTPE  ) 

CACN 

z 

411.79 

903.50 

Z.OQ 

903.58 

;  a4.it9 

EM  TIEATHENT.  TYPE  A 

EACH 

1 

691.37 

691.37 

1.00 

491.37 

1  ■:  1J.S0 

EM  TREATMNT,  type  r  aodf.  M 

EACH 

4 

677.60 

2,710.72 

4.00 

2,710.72 

'  -  U  JI 

ERIOCE  END  CONNECTORS,  TTPE  A 

each 

8 

S21.(3 

6,571.44 

t.OO 

6,571.44 

ti.a 

1S-INCN  ENTRANCE  PIPE 

If 

60 

Z7.3S 

1,861.84 

n.oo 

2,272.54 

i  Ujs 

EBSE  RET 

If 

90 

9.59 

863.10 

90.00 

663.10 

UJ4 

CONCRETE  CARRIER  TYPE  m  (TEN  •««>  Z2  IP 

0 

41.07 

0.00 

0.00 

0.00 

3  IJ.S5 

PCRPORATED  PIPE  E-INCN 

LP 

TOO 

S.Z5 

SZS.OO 

100.00 

625.00 

J  J4.S4. 

NON-PUPORATED  PIPE  S-INCN 

LP 

ZO 

5.12 

102.40 

20.00 

102.40 

OONCUTE  ENTRANCE  PAVEWNT 

ST 

16 

29.03 

464.48 

32.00 

928.96 

:  2J.3B 

R-OF-Wr  NARKERI,  RURAL  TYPE  1 

EACH 

50 

60.24 

3,012.00 

30.00 

5,012.00 

U.S« 

P.CENCMT  CCNCIETE  PAVEMNT  t-IN 

n 

70 

».D3 

2,632.10 

70.00 

2,02.10 

‘  U.40 

CHARNEL  IININE,  CLASS  11 

TOE 

190 

26.01 

4,941.90 

246.94 

6,422.91 

;  Ei-Af 

ETAMIARD  CUM  AND  (UTTER 

LP 

500 

it.tr 

4,890.60 

380.00 

4,890.40 

li  u.« 

STANOARD  IRTCSRAL  CURS 

LP 

35 

9.04 

316.40 

35.00 

316.40 

2J.A) 

SILT  TRAP,  TYPE  S 

EACH 

S 

2ai.6Z 

1,400.10 

3.00 

144.86 

1'  U.U  ■ 

SILT  CRCCKS 

EACH 

zs 

7B.as 

1,950.n 

13.00 

1,014.39 

ZA.AS 

NAIHTCNANCC  i  CONTROL  OP  TRAPPl 

LS 

1 

S, 000.13 

a,ooo.i3 

1.00 

a, 000.13 

i .  at'i .  ■ 

a.  II6NUAT  M  ERIDGE 

LS 

1 

6Z0,6Z7.Z3 

6a,627.a 

1.00 

6a,627.a 

'  K.Z 

CT.  IICNUAT  72  UlOfiE 

LS 

1 

1,450,453.90 

1.00 

1 

,450,453.98 

j  .au3 

STEEL  TEST  PILES  IV  IAa73  (SRC 

LP 

100 

43.18 

6.S79.U 

107.81 

4,870.66 

;  ' 

CAST  STEEL  PILE  POINTS 

CACR 

•7 

143.07 

U,«7.09 

a.oo 

12,«7.0V 

i  ac.s 

STEEL  PIUS  lAsTS  (MIDGE) 

LP 

1MB 

37.16 

62,ia.50 

1,799.70 

67,761.72 

■  ac.t 

CTGLOPIAN  STUM  PROTECTION  tadf  17 

TOE 

0 

30.12 

0.00 

0.00 

0.00 

■'  tit  ■ 

STN  SXCAV  (UNCLASS)  RT  NVT  SS  a«SP-  ID 

CT 

715 

14.96 

17,774,90 

619.00 

15,388.34 

ac.6 

sn  EXCAV  (VNCLASS)  CT  RVT  72  wM.  J7 

CT 

1720 

14.95 

41,366.00 

1,416.00 

34,054.60 

aiLv  . 

BRILLEB  POUND  OVB  CAISSONS  SD 

LP 

150 

4B.30 

61,345.00 

138.70 

58,573.01 

ntua  POUND  ROCK  CATSSONS  aoN^  SD 

LP 

zzs 

3U.36 

ia,481.00 

241.40 

131,408.50 

i  v.n 

PROOP  TEn  MIES 

LF 

360 

17.S 

6,210.00 

418.00 

7,176.00 

:  li.J  , 

STEEL  SNEET  PILINO,  TYPE  PZ  ZZ 

LP 

160 

1,7. n 

7,6U.B0 

176.07 

1,412.42 

1  a.t 

STEEL  SHEET  PILINO,  TYPE  PSZ7.S 

IF 

1360 

56.80 

77,240.00 

i.6a.a6 

92,3U.8S 

; 

nuL  R-pius  (RP  lari) 

LP 

1540 

r.65 

57,901.00 

t,Z6S.40 

47,642.31 

PIU  POINTS  (  NP  IZx  74) 

lACR 

46 

143.07 

6,581. a 

46.00 

6,581  .a 

nPE  1  STONE  PtOTECTION  NOdM  JT 

TON 

13410 

37.65 

504,886.50 

K,tajo 

531,968.15 

i  ».i 

SEEDINO  U/  SOD  NIX  M.  1 

MF 

690 

41.07 

2S,S8.30 

112.75 

36,254.54 

i 

SEO  NIX  NO.  1  PLUS  OUMN  YETCN 

NSP 

130 

54.75 

7.118.80 

118.50 

6,493.44 

i  Mt  P«f«  m-E  EIECTIONIC  nuioi  AfMOySD  ir  lOUWCt  IS  HfWCII  1SS7. 
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{  ■  , 

1 

MYMENT  ISTtKkTI  ■  COMTUCT  PUFOWUMCE  IHtCT 


CaHTMCTMi  QMMeTTO  t  UCIM  W*  (JV) 


:  MOUM 

CMTIACT  «0. 

H.O.  NX  449 
lAXTU,  KT.  40604 
:  DACU4Z-e9-C'0092 

MTCt  a-Mn-7S 

PMtOO  CQVtOfO  NT  TNIR  I0TINATI:22  SEP  09  THRU 

19  JUH  93 

'.f 

!  ITCH  IQ. 

0CSCtI9TI0« 

UNIT 

lUARTITT 

COITftACT 

uitT  mcc 

AMOUNT 

TOTAL 

OUANTITT 

TO  DATE 

AMOUNT 

II.S 

K£0  NIX  M.1  nut  Cn  CMIAXT 

NOT 

40 

48.43 

2,736. N 

O.N 

0.00 

».4 

MD  1  rmrccT,  tktiioo  2 

KF 

4M 

34.74 

21,904.M 

543.M 

29,767.34 

ai.s 

VCCCTAnVC  NULCH 

TDM 

40 

1SO.M 

4,024.N 

70.93 

•  10,462.06 

2l.« 

ASRICUITUHM.  LlHESTaNE 

TON 

90 

32.04 

2.957.40 

10T.U 

3,536.36 

2».7  ' 

ruTiLizn  (10-20-20] 

T(M 

a.s 

4S.04 

3,395.84 

10.10 

4,272.70 

II.S 

rRTiiizn  (20-10-10) 

TON 

2.2 

4B.70 

934.72 

O.M 

0.00 

ai.* 

TorntL,  12  INCH  THICK 

n 

10340 

3.01 

311,053.40 

73,939.08 

220.579.04 

al^io 

SCO 

IT 

1000 

2.74 

2,740.00 

519.00 

1,422.06 

M.11 

HLANTIXO 

LI 

1 

41,070.93 

41,070.93 

1.00 

41,070.93 

9.1 

instnumntation 

LI 

1 

43,092.03 

45,092.0 

1.00 

45.092.83 

CNAIH-LIMK  TEMCC 

LT 

1000 

M.24 

1M,432.N 

2,094.M 

124,263.04 

ai.2 

EACH 

4 

732.96 

3,011.92 

4.M 

3,011.92 

2K.T 

OtOTCXTIll  maM*  37 

IT 

moo 

5.51 

104,490.N 

24,957.17 

137,514.01 

a.2 

aOOOTVOOITC 

or 

MOO 

is.a 

r9,360.M 

4,439,33 

85,192.60 

aj 

KoenANC  LIXU 

OT 

13100 

11.14 

148,914.M 

15,894.43 

'  177,404.16 

a.i 

UMOaOXOUND  TAMC  OOOV  4  0IS4 

LI 

1 

4,317.75 

4,317.73 

1.00 

4,317.75 

n.i 

oovBUMHT  ornci  (xmix 

10 

1 

172,499.53 

172,499.55 

1.N 

172,499.55 

a.i 

N-IIICH  9VC  UATtU.INI 

IP 

240 

27.59 

4,421  .M 

242.10 

4,479.54 

».a 

O-INCII  UTN  VAIVCS 

EACH 

2 

T50.M 

1.500.N 

2.00 

1,5M.N 

a.] 

16-tlCH  cmi  CAtIK  PIPE 

LP 

190 

30.W 

9,500.N 

m.oo 

9,3W.OO 

x..t 

TUMCL  lAK  OUl 

LP 

7740 

146.34 

1,149,4N.M 

7,751.00 

1,131,333.54 

a.2 

NORTH  6  OOUTROIDE  I-WAIL 

L« 

1 

17,853.43 

17,853.43 

1.N 

17,653.43 

m:>  ■ 

NORTH  6  SOUTHSIDO  T-UALL 

LI 

1 

36,071.70 

34,078.71) 

1.N 

34,078.70 

X.4 

RAIIROW  ciooure  srxucruRE 

LI 

1 

52,063.05 

32,083.03 

1.N 

52,085.05 

x.> 

PORTAL  NMINO 

LI 

1 

1,023,449.95 

1.N 

1,023,449.95 

x.« 

OOKRCTt  HNAOIMUt 

OACH 

2 

1,W1.33 

3,942.70 

1.00 

3,942.70 

X.1 

NVIRR  NATE 

LI 

1 

ni,0H.70 

ia,0H.7i) 

1.N 

ia,0M.70 

■  i  . 

0 

0  0 

0 

N.N 

O.N 

. ;  O.N 

•  1  . 

0 

0  0 

0 

O.N 

O.N 

O.N 

.!■• . 

0 

0  0 

0 

O.N 

O.N 

O.M 

0 

0  0 

0 

O.N 

O.N 

O.N 

0 

0  0 

0 

O.N 

O.N 

0.00 

i 

0 

0  0 

0 

O.N 

O.N 

O.M 

j-  ■ 

0 

0  1 

0 

O.N 

O.N 

0.00 

0 

0  1 

0 

0.H 

O.N 

O.M 

•  1 

1 

0 

0  1 

0 

O.N 

O.N 

O.M 

'i.  ■ 

. '  TorA(.  miumi.  cnmucT  mount  H/oiia  it»  itin  hcoi 

1 

829,530.673.67 

■  '• 

'  I  ' 

;  ■  I 

i  i 

I  ' 

I  Mt.rot«,«3A-c  tucTkONic  veutoN  nfftma  it  muswc  n  mcii  inr. 
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I 


i 


MTNEITT  tSriMATE  •  CCNTMCT  KXfOlimi)a(Cantlnuitlan>  MEET 


.  OOKTUCTOK:  MMUTTO  i  INCIU  UM  (JV) 

'!  ‘MOKtSi  r.O.  MX  M9 
■!  .  lAXTER.  KT.  iOaOA 

ItWIlMCT  M.i  0/IOH6Z-B?>C*009Z 

PERIOO  COVEMO 

OATEl 

ST  THIS  ESTtNATElZZ 

2S-Jm-93 

•RP  09  TMU 

19  AM  93 

COHTSACT 

TOTAL 

TO  OATC 

;iTM  W.  MSCRIPTIOII 

UNIT  SUANTITT 

uiiT  nice 

ANOUNT 

QUMTITT 

ANQUn 

NDOIFIWTIOmEU.im  ITCM  MS.] 

— v-  • 

nwi  AUOMTtm  worn*  t 

0 

0 

se.oo 

M.OO 

10.00 

FIMS  SLUXATIOI  aodf  2 

0 

0 

00.00 

M.OO 

M.OO 

nmt  ALLOCATION  aodl*  i 

0 

0 

M.OO 

M.OO 

•0.00 

nMS  allocation  aod**  4 

0 

0 

se.oo 

n.M 

M.OO 

OTttNAUL  A  PLACt  PILL  indM  J 

CT 

314S 

1240 

•7.239 .M 

3,14A.OO 

•7,235.00 

StPTIC  niTEH  aodM  S 

LS 

1 

U.1SI.00 

19,196.00 

1.00 

U,  156.00 

ItTAl 

U-IICS  O*  aodN*  S 

LP 

90 

S21.S0 

11,999. M 

92.00 

SI, 971.00 

a  1  MIO  ACGUOUTI  nocSN  ] 

TON 

1000 

•14.53 

114,330. DO 

1,559.29 

>22,656.41 

>r.6- 

iinMtIMUS  MNfACt  (U)  MdM  5 

TON 

400 

SS9.5S 

s2S,s2(.oa 

420.60 

925,050.94 

.  n.r 

CMAIH  LINK  PCNCI  (RE)  nodi-  S 

LP 

m 

•15.92 

•12,640.46 

791.40 

S12,599.09 

•IT.* 

PLAO  POU  aMN  S 

LS 

1 

S2.3S0.0O 

S24S0.M 

1.00 

12,350.00 

TIPS  EXTCMlOi  •  UEATMU  IMAT  Mdl 

•  S  0 

0 

SO.OO 

10.00 

M.OO 

j  r.r  • 

t'INCR  SIAMCTER  NELL  ladi*  T 

Lf 

ISO 

tS.90 

95,715.00 

765.00 

$6,000.50 

1  .it.ib 

l•laCM  CASIHN  madtm  7 

LS 

1 

02,716.00 

S2,m.oo 

1.00 

12,716.00 

1 

1'VA  INCI  UATER  LINE  aodH  7 

Lf 

500 

t4.29 

12,145.00 

302.00 

t1,295.50 

■  n.u 

PUUttN  E  INSTALL  PIMP  STSTEM  aodN  7  LI 

1 

M.SOO.OO 

M,900.00 

1.00 

M,900.00 

PIMt  ALLOUTION  MdPi  1 

0 

0 

SO.OO 

M.OO 

•0.00 

1  ■ ' 

PUNOt  AUOCATION  ■odM  9 

0 

0 

SO.OO 

M.OO 

•0.00 

***!* 

ALTUNATE  tlVOSAL  AREA  OEOROE  SBdl 

M  10  0 

0 

>0.00 

M.OO 

M.OO 

•  . 

APNINinRATIVE  MO  REV  SCOPE  9  taiM 

M  11  0 

0 

M.OO 

.  M.OO 

tO.DO 

•;  a.!! 

RENOVE  OCNTAHINATID  NATERIAL  ««■  12  a 

2S0 

092.00 

123,000.00 

610.00 

•56,120.00 

PVWOS  ALLOCATION  aodK  13 

0 

0 

10.00 

M.OO 

M.OO 

l•IRCR  PVC  PIPE  Mdl*  U 

LP 

m 

0112.3S 

1109,139.60 

963.00 

>108,193.05 

ERR  EA 

T 

H.OIS.OO 

126,703.00 

7.00 

126,705.00 

i  W4' 

CONCRETE  EHCAIEMEIIT  MdM  1A 

CT 

4.S 

ES9S.OO 

•1,777.50 

5.23 

i2,an.75 

CONCRETE  ANCWH  Mdl*  U 

EA 

r 

•617.00 

W419.n 

7.00 

S4,319.00 

••4. 

TIIC  EXTENSION  VEATNU  IT  OATS  Md^  IS  0 

0 

M.OO 

M.00 

M.OO 

PUIEIS  ALLOCATION  NodO*  IS 

S 

0 

M.OO 

M.OO 

08.00 

■  ^4  . 

SNOTCEETE  SAENJU  MALL  MdP*  17 

U 

1 

013,900.00 

013,500.00 

1.00 

113,500.00 

-nj 

RSOVE  OONTANIRATEB  MATER  MdP*  IS 

SAL 

10000 

02.10 

•42,000.00 

19,601.00 

•41,162.10 

\  ».* 

LAS  TEST  MdO*  IS 

EA 

s 

iMS.oe 

02,190.00 

6.00 

•2,190.00 

; 

PUBS  ALLOCATION  MdO*  19 

0 

s 

M.OO 

M.OO 

M.OO 

TINE  EXTENSION  MEATIER  A  OATS  MdM 

21  0 

0 

M.OO 

M.OO 

•0.00 

«.t 

AOESTas  SBWAL  OU  NAN  Ml  Mdi* 

20  U 

1 

0290,749.00 

0290,745.00 

1.00 

•290,745.00 

:  aK4' 

•ISP  ptlMr  HMD  S-cty  PILL  (b)  Mdl 

P-  20  U 

1 

SM.Se.M 

•64,B9.00 

1.00 

•64,250.00 

«T.;ii 

mSCELLAHIOUS  REVISIONS  Mdi*  O 

LS 

1 

S11,U1.00 

Oll.Ul.OO 

1.00 

•II.UI.OO 

aus 

AaOITIOMAL  CLEMtim  Mdii  22 

LS 

1 

99,344.00 

05,344.00 

1.00 

>5,344.00 

m-t: 

BUUTID  CNANNEL  LININS  Mdf*  22 

LS 

1 

97,040.00 

07,84S.00 

1.00 

>7,au.OO 

■i.U 

EOVT  SARSIER  MALL  Md^  22 

LS 

1 

S7.9W.00 

S7,fM.OO 

1.00 

•7,904.00 

,  •••* 

PUBS  AUOCATION  MdM  24 

0 

0 

M.OO 

M.OO 

M.OO 

1  ta'  Isra  flA-l  lUCTMRIC  VnSlOH  SPPMVO  IT  NUMd  IS  hmcm  imt 

• 

- 

» 


J.  \  2Wd 


(  (/.  -nm  iratiiiH4>  /. 


isi>f:-eist909)  MtnaaH  eT;TT  e6>  ez  Hnr  _ 

X!Mii  ri.?/.  V/.  Tw  FKfii  n7/qn  oi*iiniN  ? 
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I  PATHEHr  ESTIMTE  -  CCNTUCt  PUfaEIMIICECCentlrajatlon)  SHEET 


tanuCToii 

UASSETTO  1  INCH*  UM  (4V] 

.  MDKEU: 

i  ■ 

P.O.  MX  M» 
lAXTIK.  n.  M806 

Mil: 

2S-J«n-93 

'MiniUCT  «0.t 

DACUU'M'C'0092 

PIAIOO 

OOVRRRO  IT  TRIE  ltTINATl!22  SIP  ID  THRU  19 

JUN  9S 

CONTRACT 

TOTAL 

TO  DATE 

ITBS  NO. 

PIKXIPTION 

UNIT 

RUANTin 

UNIT  PRICE 

AMOUNT 

KIAMTirr 

AMOUNT 

TIME  CXTEUION  WEATHEI  1  DAT  ■odfii  2A 

0 

0 

EO.OO 

•0.00 

M.OO 

i«rkf 

ANCNON  MLTI  U/l  IMdlN  IS 

LP 

8040 

811.15 

067,346.00 

6.056.00 

•67,524.40 

!».W  . 

ANCHOR  Mirt  0/S  nodlB  25 

IP 

3265 

•9.85 

S32. 180.25 

3,264.00 

.  132,150.40 

;t»i?  ■ 

UUU  LIHI  Til  IN  27 

IE 

1 

136,000.00 

X36.000.00 

1.H 

•36,000.00 

••  *,» ' 

FUnt  ALLOCATION  RkW*  21 

0 

0 

EO.OO 

EO.OO 

SO.OO 

— -y  ' 

ULETt  DIIPOIAL  ALT  •*•  wad*-  » 

LS 

1 

10.00 

so.oo 

M.oo 

PUNDt  ALLOCATION  mad*-  JO 

0 

0 

EO.OO 

M.OO 

SO.OO 

PUDS  ALLOCATION  mad*-  11 

0 

8 

38.00 

M.OO 

so.oo 

ERR 

LI 

1 

M.OO 

M.OO 

M.oo 

■..1. 

TIME  CXTEISIGN  ICATKEt  i  OATt  mod^ 

33 

0 

0 

M.OO 

M.OO 

so.oo 

■  lUii' 

NMLAH  UATEXLINI  RELOCATION  wodia  » 

LE 

1 

•9,440.00 

S9,U0.00 

1.00 

S9,UO.OO 

- 

PUNBS  ALLOCATION  aoON  3A 

0 

0 

•0.00 

M.OO 

so.oo 

j3J.Ar  . 

tl2E  57  nONE  mad*-  17 

TON 

ISO 

EZ3.7S 

83,562.50 

130.55 

13,100.36 

ERA  CT 

120 

•108.00 

•12,960.00 

m.oo 

•19,456.00 

•Bc.ii 

eONCRETI  onstOC  18  IN  LINIT  WBd*-  17 

CT 

65 

•108.00 

08,8M.00 

85.00 

'  S6,e90.00 

>*.u 

DECK  MAINE  mad*-  37 

LS 

1 

•9,812.00 

•9,812.00 

T.OO 

19,812.00 

ERR  TON 

1040 

830.12 

831.324.00 

961.63 

•28,964.30 

TIRE  EXTENEtON  ICATHEE  17  MTS  NBdl>  18 

0 

0 

EO.OO 

•0.00 

EO.OO 

'  i!ic.u  • 

MILL  FOUNO  OTt  M  IK  CAIESOH  mad*- 

30 

LP 

n 

100.00 

•62,250.00 

55.70 

EU,Z31.00 

'  «.<? ' 

MILL  POUND  Roa  M  IE  CAIIEON  mad* 

•  30  IP 

DO 

31,150.00 

•103,500.00 

106.60 

1122,590.00 

REVISE  KWT  »  IRISOE  AlUTICNTE  mad*-  SD  LS 

1 

sr.700.00 

827,700.00 

1.00 

n7.7QD.ao 

j  K.48 

SLIDE  REKIVAL  NWT  38  aodM  40 

LE 

1 

•8,200.00 

M,1M.OO 

1.00 

M,200.N 

•  *!,*> 

IRIN  U/E  ROSIHCE  aodM  40 

LS 

1 

•8,000.00 

•6,030.00 

1.00 

•6,030.00 

!  UM 

OONCXm  lARRIERt  NWT  38  mad*  40 

LE 

1 

01,350.00 

•1,350.00 

1.00 

•1,350.00 

;  *».»  .  ■ 

ARPALOW  WITH  NEniRC  mad*-  40 

n 

6300 

SI  .38 

•8,970.M 

6,93S.M 

E9.574.44 

•••• 

PUNOE  ALLOCATION  aBOfa  41 

0 

0 

EO.OO 

M.OO 

SO.OO 

TIM  EXTailON  HEATNER  D  OATS  MdD* 

42 

0 

0 

EO.OO 

M.M 

M.OO 

PINaR  AlUCATION  ««dM  41 

0 

0 

•0.00 

M.OO 

SO.OO 

Noa  TRiiDiiNa  aBdM  43 

IE 

1 

•33,230.00 

•33,230.00 

1.00 

•33,230.00 

j%.8l 

HAUL  ROCK  TO  0/A  MdSa  43 

LS 

1 

•6,510.00 

•6,570.00 

1.00 

•4,570.00 

i  ».«• 

SURfAQ  PREFARATIOR  aodDa  43 

LE 

1 

•12,250.00 

S12,250.M 

1.M 

•12,250.00 

'  or.ie 

UJMCAgTe  miM  4S 

CT 

300 

0195.00 

•58,500.M 

625  JO 

t121 ,933.30 

X.11 

ENOTOEETR  (SIDCEI  aodla  45 

CT 

80 

•107.80 

M,5M.M 

140.50 

•15,996.30 

iai.ii 

ENOrCRETI  aSR>  mad*-  4$ 

CT 

20 

•00.00 

n.AM.OO 

M.OO 

•10,400.00 

1  . 

12'INCI  OORUMATIO  MTAL  PIPE  NBdDa 

48 

LE 

1 

S4,IOO.OO 

S*,8M.OO 

1.00 

•4,000.00 

'44.51 

IITUHHOUI  SEAL  HATRRIALE  amd*  47 

TON 

U 

•815.00 

»7,380.00 

11.65 

•7,164.75 

!  >E>5? 

SITVMINOUS  SEAL  AMRCSATE  mod*-  47 

TON 

too 

•81.38 

•6, 150.00 

227.04 

•14,016.31 

•  ••mk' 

PUBS  ALLOCATIOI  ■odD*  48 

0 

0 

•0.08 

M.OO 

10.00 

PUBS  ALLOCATION  wmd*>  40 

0 

8 

•0.00 

M.OO 

EO.OO 

n.z 

OUrOPP/PIPE  INTaECCriON  mad*-  50 

IE 

t 

ns.ooo.oo 

•15,000.00 

1.00 

•15,000.00 

WEATIII  2  BAT  RXmsiUN  mad*-  51 

8 

8 

•0.00 

M.00 

M.OO 

•1 .  • 

ACCESS  ROAD  RELOCATION  mad*-  5Z 

LE 

1 

815,483.00 

•13,488.00 

1.00 

•13,463.00 

IJ  ' 

4iM  Pora  fSA-i  lUCTioNie  vnsioN  appkweb  it  mumce  ii  wicg  iisr. 

i 

1  ! 

ET/^'d 

iS9E-ezs(g09)  NimjH 

9T:TT  E6 

,  02  MTlf 

f  / 

--  • 

— .  • 

ar>  eia  lu  ccet  o9 
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MTMENT  EtTIMTE  -  COntACT  rERFOmAiacCsntfniMtion) 


SHEET 


;  leONTEACTOHi  OtASSETTO  t  tHCISA  USA  (JV] 

■  MMUSS:  P.O.  MSI  «4» 

■AXTER.  KT.  40S06 
OlhACr  HP.  I  0ACUU-89-e-0092 

........ ...... _ ............... 


DATEi  a-An-n 

PERieO  COVESES  ET  TEIf  EniNATEiJZ  SEA  M  TMHJ  19  JIM  93 


■  '■  L  iteii  ho. 

OESOKPIIOM 

UMH 

flUMiint 

OOVTUCT 

tmn  mice 

N«MIT 

TOTAL 

OMirriTT 

TO  BATE 

AHOUHT 

AlUTNENT  miHASt  AMIN  S3 

LS 

1 

03.092.00 

03,092.00 

1.M 

03,492.00 

;  S8;lft 

SraCimANE  CONHtCTiaN  modf-  33 

LS 

1 

0802.00 

0502.00 

1.00 

S502.90 

:  I9;i1 

DVl  SUVt  AEPAII  aadN  Si 

Lt 

1 

01S.SU.M 

010,S34.00 

1.00 

.  010,434.00 

Tll«  PEA  OCT  -  RAH  92  2  OATS  aadS 

37 

0 

0 

M.M 

M.OO 

M.OO 

'l.aLis. 

MEVn  RAtLAH  KAO  •adf>  SO 

LS 

1 

03,132.00 

03,132.00 

1.00 

03,132.00 

88^  ' 

0LAS7IM  OCPSULTAaT  MdO*  SI 

IS 

1 

00,057.00 

u.osr.oo 

1.00 

98,057.00 

21.14 

RISC  1  USIDEMT  OPFICE  MxSN  90 

LS 

1 

00,201.00 

08,241.00 

1.00 

98,261.30 

PUBS  AILOCATION  aadrN  S9 

0 

Q 

M.OO 

M.OO 

M.OO 

•  at;  19 

ExeAVArin  (IRIOHO  modtm  60 

cr 

300 

082.00 

0is,i00.00 

M.4e 

04,400.94 

•  27.12 

SROraETE  D/S  ftodO*  iO 

or 

75 

0200.00 

015,600.00 

108.M 

022.444.00 

OROTCRSTI  U/S  andO*  iO 

LS 

1 

04,085.00 

04,055.00 

1.00 

U, 055.00 

Si 

ROinVl  OARRin  9I9E  BSiSN  iO 

LS 

1 

01.370.00 

01,370.00 

1.00 

81,370.00 

ai.| 

EKCAVAriOE  (iPlASR)  ■ad9<  60 

LS 

1 

010,039.00 

010,839.M 

1.M 

S10,839.M 

■  . 

TTPE  1  stone  (SfUSR)  aadO*  M 

TN 

450 

023.00 

010,350.00 

352.07 

08,114.01 

OOOCRITI  0  (tPLASR)  asdO-  60 

or 

SO 

0108.00 

05,400.00 

47.M 

>  87,234.00 

URATICR  AM-JUN  92  4  OATS  tad>>  41 

0 

0 

M.OO 

M.OO 

M.M 

«••• 

FUNDS  AliaCAItON  aodl-  i2 

0 

0 

M.OO 

M.OO 

M.OO 

rUL  SREETOtLlRO  aadO*  03 

LP 

3000 

043.70 

0131,100.00 

2,524.33 

8110,401.50 

■  »'* 

9KIN0  EXTRACTION  bmON  03 

LP 

300 

022.00 

Oi,iM.OO 

105. M 

82,310.00 

ttiS 

ITANOST  TINE  (EOUIR)  MdN  03 

in 

40 

040.00 

01,400.00 

45.00 

81,800.00 

».« 

SBMATW  IK  MOO-  03 

HR 

20 

092.00 

S1,040.M 

22.00 

82,024.00 

!  M.T 

CAT  0*4  DOUR  wOBi  03 

HR 

20 

009.00 

OV,SM.OO 

15.00 

81,039.00 

RITACRI  101  modf*  03 

RR 

20 

0140.00 

02,000.00 

48.50 

89,590.00 

!;»;( 

STNA9AC  CORPACTON  MdO-  03 

HR 

20 

I85.M 

O1,7M.0O 

0.M 

M.OO 

rii’to 

PC' ISO  U/TAmX  mom  03 

HR 

20 

0108.00 

02,100.00 

O.M 

M.OO 

R'nj.i 

OMTSU  199A  Md»>  03 

NR 

20 

0159.00 

t3,1M.M 

19.50 

0,022.50 

|!Bi.I2 

KSILIIATIOH  MOO-  03 

EA 

4 

0430.00 

01,720.00 

2.M 

saoo.H 

n'aita 

ERR  LS 

1 

80.00 

M.M 

;M.OO 

rli4 

R-2,  CHANNEL  LIIINB  Md|k  04 

U 

1 

039,200.N 

039,200.00 

l.ro 

t59,2M.M 

l!8l.4 

TTPE  I  OITCH,  STONE  ■oON  04 

m 

200 

830.00 

M,000.00 

281.33 

S7,S39.90 

OROUT.  OWnCL  LIOlHa  mOR-  04 

a 

4D 

oin.M 

S5,2U.OO 

52.M 

S4,S44.M 

ilPiU  . 

RISC  ITERS  ROD  00  medf  00 

LS 

1 

010,2K.M 

014,200.00 

1.N 

S14.2M.00 

IP.1^ 

RBCW  SNOTCRETE  Md»>  00 

CH 

30 

ROr.M 

S4,210.N 

38.50 

87,949.50 

i  ilP.M 

PLACE  SROIOIEtE  MdIP  00 

CT 

22 

0130.00 

SS.OSO.M 

15.M 

82,070.00 

.19.17 

UMD  OK  RAUL  RATERIAL  Mdl-  00 

NR 

10 

0271.00 

02,710,00 

14.M 

a,794.M 

RIONUAT  38  REPAIRS  MOt>  U 

LS 

1 

07,083.M 

07,083.00 

1.M 

t7,053.M 

PUBS  ALLOCATIOI  MON  09 

0 

0 

M.OO 

M.OO 

80.00 

*1 

PUNM  ALLOCATION  MOf<  07 

0 

0 

M.OO 

M.OO 

M.00 

REROVE  AIB  REPLACE  OOPFEKW  mOO- 

08  LS 

1 

S33,930.N 

033,958.00 

i.on 

133,938.00 

* 

NEATRER  PEUT  10  RATS  mBN  09, 

0 

8 

M.OO 

M.M 

M.OO 

1 

PUBS  ALLOCATION  RSdP-  70 

0 

9 

M.OO 

M.M 

M.M 

.  » 

AERIE  SniOE  ROD  22  OOET  0000  mOK 

n 

0 

0 

M.N 

M.M 

M.M 

Pon  fU-E  lUCTROIIC  mSlOH  APPEOVED  IT  MUSACE  19  NARa  1987. 
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r  (s  (niiPiM.«)  ft 
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MTHEMT  tSTlNATI  •  eONTUCT  PEItFaitMI*CE(Untlnu«tlon) 


;  tarnukCTOKi  cuitETTO  t  iiiciu  usa  cjv) 

1  .  wontti  r.o.  MM  «69 

lAXTER.  rr,  40806 
(^HACT  80.1  DACW62-89>C-0092 


»4TI:  2S-Jun>91 


KOIOO  COVtOO  IT  rxil  EnUUTElU  Kf  89  rmu  19  AM  n 


OCICRIMION 

UNIT 

NUMnitT 

CCMTUCT 

WIT  PUlCi 

M10U8T 

TOTAL 

OUANTITT 

TO  DATE 

AMOUNT 

niNDt  ALLOCATION  mod^  72 

0 

0 

M.OO 

M.OO 

»Q.OO 

nmiANI  C0M8ICTI0N  p«dl>  73 

LS 

1 

tt.341.00 

IS.WI.OO 

1.00 

13,341.00 

lElOCATE  IMTtU.IM»  aodip  73 

It 

1 

i2,a9a.o« 

12,890.00 

1.00 

12,890.00 

aiM  iM  TMCTI  614,613  PPd^  73 

LI 

1 

110,263.00 

111,263.00 

1.00 

110,20.00 

ImMinCIT  IMUL  poMN  73 

LS 

1 

148,216.00 

048,216.00 

1.00 

840,216.00 

NIiaLUMEOUl  E8C4VMI0N  Podl>  76 

Lt 

1 

161,341.00 

061,341.00 

1.00 

t61 ,341.00 

niWI  AUOCATIOH  pod^  74 

0 

0 

10.00 

M.OO 

to.oo 

ftm  9!u-i  luniONie  viuion  umam  it  iousace  is  win  1987. 


2t/«r  ‘d 
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4.  Foundation  Exploration  and  Testing. 

4.1  Investigations  Prior  to  Construction.  During  the 
period  -rom  1984  through  early  1989,  numerous  investigations 
were  conducted  in  the  areas  of  the  portals,  tunnels,  bridge 
abutments,  roadways,  and  diversion  structure. 

Soils  testing  included  USCS  classification.  Standard 
Penetration  Testing,  determination  of  moisture  content, 
Atterberg  limits,  and  gradations.  Rock  testing  included 
determination  of  unconfined  compressive  strength,  elastic 
moduli,  seismic  velocity,  point  load  index,  Poisson's  ratio, 
direct  shear  strength,  and  unit  weight.  Rock  properties  and 
test  data  graphs  and  tables,  taken  from  Feature  Design 
Memorandum  No.  3,  are  presented  in  Section  5.3,  "Engineering 
Characteristics  of  Foundation  Materials". 

The  locations  of  preconstruction  borings  are  shown  on  PLATES 
B-2,  C-2,  and  D-2.  All  boring  logs  and  test  data  are  included 
in  the  Harlan  Diversion  Project  Feature  Design  Memorandum  No. 
3  and  in  the  construction  Specifications  for  the  Harlan 
Diversion  Proj ect -Appendices  A  and  B. 


4.2  Inve.stiqations  During  Construction.  Investigations 
during  construction  consisted  of  exploratory  air-track  and 
jack-hammer  drilling,  core  drilling,  and  trenching.  Testing 
included  determination  of  unconfined  compressive  strength, 
slake  durability,  and  gradations. 


4.2.1  Downstream  Portal  Investigations. 


4. 2. 1.1  Drilling  and  Trenching.  On  7  November 
1989  seven  exploratory  air-track  holes  were  drilled  to  locate 
top  of  rock  in  the  downstream  portal  area.  On  13  November  five 
more  air-track  holes  were  drilled  to  determine  top  of  rock 
along  Kentucky  Highway  72  near  future  bridge  abutment  number  2 . 
These  holes  indicated  a  steeply  dipping  top  of  rock  surface,  on 
approximately  the  same  slope  as  the  original  ground  surface. 
Elevations  at  which  rock  was  encountered  did  not  differ 
significantly  from  information  presented  in  the  contract 
drawings . 


On  16  January  1990  three  backhoe  trenches  were  dug  to  determine 
the  depth  to  rock  along  the  planned  ten-feet-wide  bench  above 
the  tunnels.  The  actual  rock  surface  was  found  to  be  7M  to  9 
feet  lower  than  the  estimated  rock  line.  On  23  January  1990 
five  nearly  horizontal  air-track  holes  were  drilled  to 
determine  distance  to  unweathered  rock  on  the  1V:1H  slope  above 
the  ten-feet-wide  bench.  Harder  rock  was  found  9  to  13  feet 
behind  the  existing  slope.  Because  rock  at  the  design  bench 
level  was  lower  than  estimated  and  because  of  slides  in  the 
overburden  and  weathered  siltstone  1V:1H  slopes,  adjustments 
were  made  to  the  backslope.  These  changes  are  discussed 
further  in  Section  6  of  this  report. 
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4 .2 .1.2  Testing.  In  September  1990  samples  of 
rock  blasted  from  the  downstream  portal  area  were  tested  for 
slake  durability.  The  samples  were  taken  by  the  contractor  and 
tested  by  C.V.E.  Testing  of  Harlan.  All  material  exceeded  the 
minimum  SDI  of  95%  required  for  use  in  the  Kentucky  Highway  72 
roadway  embankment . 

Slake  Durability  Index  (SDI) 

Tunnel  Station  Elev.  Rock  Type _ SDI _ 

1  D/S  Portal  1175  Siltstone  98.9% 

2  D/S  Portal  1175  Siltstone  97.9% 

3  D/S  Portal  1175  Siltstone  98.8% 

All  samples  were  described  as  dark  gray,  massive,  sandy  shale, 
elsewhere  described  as  siltstone,  and  tested  with  Kentucky 
method  #64-513-79  (ASTM  D  4644-87).  This  test  method  covers 
the  determination  of  the  durability  index  of  a  shale  or  other 
similar  rock  after  two  drying  and  wetting  cycles  with  abrasion. 
Slake  durability  index  is  defined  as  the  percentage  of  dry  mass 
retained  of  a  collection  of  shale  pieces  on  a  No.  10  sieve 
after  two  cycles  of  oven  drying  and  10  minutes  of  soaking  in 
water  with  a  standard  tumbling  and  abrasion  action.  Despite 
the  high  test  results,  siltstone  roadheader  cuttings  used  as 
fill  on  the  diversion  embankment  broke  down  significantly 
during  the  placement,  leveling,  and  compaction  processes.  Wet 
material  pumped  under  equipment  load  and  it  became  necessary  to 
control  the  moisture  content  in  constructing  the  embankment. 

4.2.2  Upstream  Portal  Investigations.  Seven  air- 
track  holes  were  drilled  to  determine  the  elevation  of  hard 
rock  across  the  top  of  the  vertical  portal  backslope  from 
baseline  A  to  baseline  C.  See  Plate  C-8  for  baseline 
locations.  Harder  rock  was  found  to  be  about  ten  feet  below 
the  design  bench  elevation.  Based  on  drilling  results  the 
upstream  portal  slopes  were  changed  as  described  in  Section 
7.1. 


4.2.3  Highway  72  Bridge  Investigations. 

4 . 2 . 3 . 1  _ Drilling .  Three  f ive-feet-deep 

jackhammer  holes  were  drilled  in  each  pier  foundation  to 
determine  it's  suitability,  as  required  by  Kentucky  Standard 
Specifications  for  Road  and  Bridge  Construction  and  the 
Division  of  Construction  Guidance  Manual.  All  nine  holes 
indicated  moderately  hard  siltstone,  with  no  voids  below 
foundation  level. 

4 . 2 . 3 . 2  Testing .  From  December  1990  through 
February  1991,  more  siltstone  samples  from  the  Highway  72 
bridge  pier  foundations  were  tested  to  determine  slake 
durability.  Material  from  this  area  was  used  as  backfill 
around  the  bridge  abutments.  Test  results  are  tabulated  on  the 
next  page . 
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slake  Durability  Index 


r  Nc . 

Location 

Elev. 

Rock  Tvoe 

SDI 

1 

20  f t .  from  U/S 

end 

1150 

Siltstone 

96 . 6% 

1 

14  f t .  from  D/S 

end 

1148 

Siltstone 

96 .3% 

2 

Not  Recorded 

1149 

Siltstone 

97 . 9% 

3 

Not  Recorded 

1148 

Siltstone 

97.2% 

4.2,4  Highway  38  Bridge  Investigations. 

4 . 2 . 4 . 1  Drilling .  Each  of  the  Highway  38 
bridge  abutments  is  supported  by  eight  caissons.  Before  the 
caisson  holes  were  augered,  proof  test  NX  core  holes  were 
drilled  to  a  level  five  feet  below  the  proposed  bottom  of  each 
caisson.  Bedrock  was  lower  than  expected  in  some  areas, 
requiring  modification  to  caisson  design.  Where  revisions 
deepened  and  relocated  caissons,  jackhammer  proof  test  holes 
were  drilled  five  feet  below  the  bottom  of  the  completed 
caisson  hole.  The  Highway  38  bridge  foundation  is  discussed  in 
detail  in  Section  11  of  this  report.  Logs  of  drill  holes  are 
included  in  Appendix  H,  PLATES  H'3  and  H-4. 

4 . 2 . 4 . 2  Testing .  In  documenting  foundation 
conditions  the  Corps  of  Engineers  tested  cores  from  the  proof 
test  holes  to  determine  unconfined  compressive  strength.  Test 
results,  in  pounds  per  square  inch  (PSD,  are  recorded  below. 


Caisson  No.  Sample  Elev.  Rock  Type 


PSI 


A2-1 

1197.7 

Sdy  siltstone 

12,891 

A2-2 

1172.0 

Sdy  siltstone 

8,435 

A2-3 

1182 . 0 

Siltstone 

6,605 

A2-4 

1189 . 5 

Siltstone 

4,647 

A2-4 

1179.5 

Sdy  siltstone 

10,822 

A2-4 

1174 . 5 

Sdy  siltstone 

9,549 

Al-7 

1172  .  C 

Siltstone 

4,535 

A2-5 

1175 . 0 

Siltstone 

7,162 

Al-5 

1160 . 5 

Sdy  siltstone 

12 , 700 

4.2.5 

Tunnel 

Investiaations . 

To 

provide 
cores  from  the 
compressive 


documentation  of  tunneling  conditions,  rock 
tunnels  were  tested  to  determine  unconfined 
strength.  The  samples  were  cored  by  the  contractor  and  tested 
by  both  the  contractor  and  the  Corps  of  Engineers  project 
laboratory.  Test  results  in  pounds  per  square  inch  (PSI)  are 
tabulated  below. 


Unconfined  Compressive  Strength  Test  Results 
Tunnel  Station  Rock  Type _ PSI _ Date  Tested 


2 

10  +  71 

Siltstone 

2,200* 

9- 

-90 

2 

10  +  71 

Siltstone 

3,750 

9- 

-90 

2 

10  +  71 

Siltstone 

6,262 

9- 

-90 

2 

10  +  71 

Siltstone 

5,375 

9- 

-90 
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Unconf ined 
Tunnel  Station 

Compressive  Strength  Test  Results 

Rock  Type  PSI  Date  Te.csreH 

2 

10  +  71 

Siltstone 

2, 812 

9-  -90 

1 

19  +  80 

Sandstone 

18,125 

1-09-91 

1 

19  +  80 

Sandstone 

13,875 

1-09-91 

1 

19  +  80 

Sandstone 

+17, 800** 

1-10-91 

1 

20  +  86 

Siltstone 

3 , 062 

1-09-91 

1 

20  +  86 

Siltstone 

6,062 

1-09-91 

1 

20  +  86 

Sdy  siltstone 

10,350 

1-10-91 

2 

13+42 

Siltstone 

5,500 

1-09-91 

2 

13+42 

Siltstone 

5,750 

1-09-91 

2 

13+42 

Siltstone 

4,725 

1-10-91 

2 

18  +  86 

Siltstone 

4,500 

4-12-91 

3 

14  +  10 

Sdy  siltstone 

10,250 

4-12-91 

3 

14  +  10 

Sdy  siltstone 

9,000 

4-12-91 

2 

19  +  85 

Siy  Sandstone 

11,250 

4-30-91 

3 

17  +  47 

Siltstone 

2 , 500 

5-01-91 

3 

17  +  47 

Siltstone 

3 , 000 

5-01-91 

3 

19  +  80 

Sdy  siltstone 

10 , 750 

5-20-91 

3 

20  +  70 

Sdy  siltstone 

8,750 

5-29-91 

3 

2  2  +  30 

Sdy  siltstone 

8,500 

5-29-91 

*  Test  results  believed  to  be  inaccurate  because  of 
**  Sample  not  taken  to  failure. 

a  bad  cap . 

The  number  of  cores 

taken  in  different  materials  may  be  biased 

toward 

the  higher 

strength  sandy 

material  which 

occurs  in 

widely 

spaced  bands 

and  beds  ranging 

from  less  than 

0  .  1  foot  to 

2.4  feet  thick.  Material  excavated  from  the  tunnels  is  about 
92  per  cent  siltstone  with  a  compressive  strength  ranging  from, 
about  4,000  to  6,000  PSI.  The  actual  extent  of  the  different 
materials  is  shown  on  tunnel  geology  maps  in  Appendix  D,  Plates 
D-12  through  D-169. 

4.2.6  Slurry  Trench  Investigations. 

4 .2. 6.1  Backfill  Boriow  Site.  In  August  and 
September  1991,  several  backhoe  pits  were  dug  in  the  alluvium, 
upstream  of  the  embankment  and  adjacent  to  Clover  Fork  to 
locate  the  best  borrow  site  for  slurry  trench  backfill 
material.  Gradation  test  results  indicated  that,  although  on 
the  fine  side  of  the  specification  requirement,  suitable 
backfill  material  was  available  from  the  upper  four  to  six  feet 
of  the  alluvium.  Details  of  slurry  trench  construction  are 
presented  in  Section  9.2  of  this  report.  A  test  pit  location 
plan  and  gradation  results  are  included  in  Appendix  E,  PLATES 
E-8  through  E-10. 

4 . 2 . 6 . 2  Right  Abutment  of  Diversion  Embankm.ent  . 
In  June  1992,  the  contractor  drilled  four  air-track  holes  to 
determine  depth  to  bedrock  in  rho  right  abutment  area. 
Indications  were  that  the  top  of  rock  surface  was  lower  than 
the  estimated  top  of  rock  line.  A  Corps  of  Engineers  drill 
crew  drilled  three  additional  SPT/core  holes  which  confirmed 
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the  preliminary  findings.  This  led  to  a  modification  extending 
the  foundation  seepage  cutoff  farther  into  the  right  abutment 
with  the  addition  of  a  sheet  pile  wall  section.  See  Section 
9.2,  "Slurry  Trench". 

5 .  Geology 

5.1  Regional  Geology.  The  Cumberland  River  basin 
upstream  of  Pineville,  Kentucky  comprises  the  northwestern  two- 
thirds  of  the  Cumberland  Mountains  region,  a  subdivision  of  the 
Cumberland  Plateau  physiographic  province.  The  region  is  about 
25  miles  wide  by  125  miles  long  and  lies  entirely  within  the 
Pine  Mountain  Overthrust.  It  is  bounded  on  the  northwest  by 
Pine  Mountain  and  on  the  southeast  by  Cumberland  Mountain,  two 
asymmetric  ridges  with  general  crest  elevations  of  2,500  and 
2,800  feet  above  mean  sea  level  respectively.  The  topography 
of  the  area  is  in  early  maturity  typified  by  rugged  mountainous 
terrain  dissected  by  a  well  developed  drainage  system  which 
varies  from  rectangular  to  dendritic  in  form.  The  highest 
point  in  Kentucky,  The  Double  on  Black  Mountain  (Elev.  4,150), 
is  located  in  the  headwaters  of  the  Cumberland  River.  The 
valleys  are  steep  sided  and  narrow. 

5.2  Site  Geology. 

5.2.1  Physiography.  The  tunnels  were  excavated 
through  Ivy  Hill,  a  southwesterly  trending  spur  which  extends 
from  the  southwest  end  of  Black  Mountain.  Generally, 
elevations  range  between  1,152  feet  above  mean  sea  level 
(stream  bed  elevation  at  the  downstream  portal)  to  over  3,300 
feet  at  the  closest  peak  on  Black  Mountain.  The  maximum 
elevation  above  the  tunnels  is  1524  feet.  The  average  depth  of 
cover  over  the  crown  of  the  tunnels  is  approximately  218  feet 
with  the  maximum  being  324  feet.  The  hillside  slopes  are 
variable  but  generally  are  very  steep,  varying  between  1V:1H  to 
IV: 3K.  The  Cawood  Sandstone  member  forms  prominent  cliffs  in 
many  areas  around  the  project  site.  The  floodplains  of  the 
Cumberland  River  and  its  ma^or  tributaries  are  irregular  in 
width  due  to  migration  of  channels.  This  migration  produces  an 
alternating  wide  and  narrow  floodplain.  The  banks  of  the  river 
are  steep,  sloping  about  1V:3H. 

5.2.2  Description  of  Overburden.  Overburden  soils 
and  soil-li)<e  materials  in  the  project  area  are  generally  one 
of  four  types:  residuum,  colluvium,  alluvium,  or  artificial 
fill.  Residuum,  or  residual  soil,  is  decomposed  bedrock 
characterized  by  its  clayey  and  sandy  clay  nature  and  relict 
bedding  texture.  Colluvium,  found  on  hill  slopes  and  at  the 
base  of  slopes,  is  generally  loose  accumulations  of  sandy  soils 
containing  boulders,  cobbles,  and  rock  fragments  which  have 
fallen  from  outcroppings  of  the  overlying  Cawood  Sandstone. 
Alluvial  soils  are  found  at  the  lower  elevations  of  the  project 
where  they  have  been  deposited  by  the  waters  of  Clover  Fork. 
Alluvial  materials  range  from  silts  to  gravels,  and  may  be 
mixed  with  colluvium  and  artificial  fill.  Artificial  fill  is 
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found  throughout  the  project  area  primarily  in  association  with 
railroad,  highway,  or  dwelling  construction.  The  upstream 
area,  most  notably  the  H-2  disposal  site  and  the  diversion 
embankment  site,  contained  large  amounts  of  trash,  scrap  metal, 
and  other  waste  materials  classified  as  artificial  fill. 

5.2.3  Bedrock  Stratigraphy.  The  Harlan  Diversion 
project  is  located  entirely  within  the  outcrop  area  of  the 
Hance  formation.  The  material  immediately  below  the  tunnels  is 
part  of  the  upper  Hance  coal  zone.  It  is  marked  in  the  tunnel 
exploration  at  about  elevation  1140  in  borings  C-200,  C-201, 
and  C-207.  Above  this  is  160  to  180  feet  of  slightly 
micaceous,  moderately  hard  gray  siltstone  through  which  the 
tunnels  were  driven.  This  material  varies  in  character  across 
the  site  being  more  shaly  in  some  areas  and  more  miassive  in 
others.  This  has  led  to  variations  in  the  description  of  this 
material  between  the  two  extremes  of  siltstone  and  shale.  X- 
ray  analysis  and  the  appearance  of  most  of  the  core  tends  to 
support  a  classification  as  siltstone  however  the  bedding 
characteristics  in  some  locations  suggest  a  shale.  It  is 
generally  referred  to  as  a  siltstone  since  this  seems  to 
represent  the  majority  of  the  material.  Within  the  tunnels, 
bedding  is  generally  massive  except  for  thin  to  thick  (0.1  foot 
to  2.4  feet  thick)  beds  of  hard,  light  gray,  very  fine  grained, 
quartzose  sandstone  and  sandy  siltstone.  These  were  confined 
mainly  to  the  middle  one-third  of  the  tunnels.  They  were  all 
hard  and  continuous  to  discontinuous.  At  most  they  constitute 
about  8%  of  the  tunnel  excavation. 

The  upper  contact  of  the  siltstone  facies  is  transitional  with 
the  Cawood  Sandstone  member  becoming  interbedded  and  commonly 
cross-bedded,  variably  silty,  micaceous,  and  carbonaceous, 
moderately  hard  to  hard,  fine  to  medium  grained,  well  cemented, 
light  gray  to  tan  with  occasional  carbonaceous  or  shaly  zones. 
The  sandstone  forms  low  cliffs  on  the  flanks  of  Ivy  Hill  about 
140  feet  above  the  crown  of  the  tunnels.  These  cliffs  are  the 
source  of  the  abundant  large  blocks  of  sandstone  which  are 
found  in  the  coliuviumi  at  the  base  of  the  slopes. 

5.2.4  _ Bedrock  Structure.  Bedding  is  nearly 

horizontal,  with  dips  ranging  between  0  and  7  degrees  to  the 
southwest .  Bedding  thickness  varies  across  the  site  being  more 
shaly  in  some  areas  and  more  massive  in  others.  Within  the 
tunnels,  bedding  is  generally  ma.ssive  except  for  thin  to  thick 
beds  of  hard,  light  gray,  very  fine  grained,  quartzose 
sandstone  and  sandy  siltstone.  These  were  confined  mainly  to 
the  middle  one-third  of  the  tunnels. 


Joints  spacing  ranges  from  very  closely  spaced  to  extremely 
widely  spaced  and  ai'e  usually  extremely  widely  spaced.  Most 
joints  are  generally  planar  to  slightly  curved,  of  moderate  to 
high  continuity,  tight,  clean,  slightly  rough  to  smooth,  not 
healed,  and  dry.  Joints  located  near  the  original  ground 
surface  are  sometimes  stained  or  contain  a  moderately  thin 
filling  of  silty  clay,  and  show  water  seepage.  Zones  of  curved 
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joints,  up  to  2M  feet  thick,  occur  in  the  portal  areas  and 
along  the  Hwy  38  road  cut.  These  zones  are  composed  of  very 
closely  spaced,  parallel,  tight  joints  with  a  moderately  thin, 
very  soft,  residual  silty-clay  filling.  The  joint  surfaces  are 
smooth,  not  healed,  and  commonly  show  water  seepage.  The 
.strike  of  these  features  is  often  nearly  parallel  to  the 
adjacent  river  channel  and  the  dip  is  high  angle,  curved,  and 
irregular.  They  are  difficult  to  project  downward  because  they 
often  step  riverward  along  bedding  planes. 

Occurrence  of  prominent  joints  in  the  tunnels  is  confined  to  an 
area  within  about  100  feet  of  either  portal,  relatively  near 
the  original  ground  surface.  These  are  typically  of  moderate 
continuity,  tight  to  wide  open,  smooth  to  slightly  rough,  not 
healed,  and  stained.  There  was  no  evidence  of  faulting  in  any 
of  the  tunnel  or  portal  excavations.  Graphical  representation 
of  discontinuity  data  is  included  in  Section. 5. 3. 

5.2.5  Bedrock  Weathering .  At  the  overburden/bedrock 
contact  and  along  near  surface  discontinuities  the  bedrock  is 
highly  weathered  to  decomposed  with  the  siltstone  reduced  to  a 
soft  soil  with  relict  rock  texture  (residuum)  .  Depth  of 
weathering  varies  but  is  usually  limited  to  less  than  ten  feet 
below  top  of  lock. 

5.2.6  Groundwater.  Within  the  Harlan  project  area 
groundwater  occurs  in  both  the  alluvial  soils  and  in  the 
bedrock.  The  groundwater  in  the  alluvium  is  at  or  slightly 
above  the  adjacent  river  level.  The  permeability  of  the 
bedrock  is  low  and  the  occurrence  of  groundwater  is  more 
dependent  upon  fracturing  of  the  rock.  For  this  reason  well 
yields  are  extremely  variable. 

Observation  well  C-204  located  on  Ivy  Hill  near  tunnel  4  was 
monitored  throughout  the  tunnel  construction  contract.  Water 
levels  in  this  well  remained  stable  throughout  construction. 
A  graph  of  water  levels  is  included  in  Appendix  I,  PLATE  1-23. 

5.3  Engineering  Characteristics  Foundation  Materials. 
Engineering  characteristics  of  the  foundation  rock  are 
presented  on  pages  20  through  24.  These  graphs  and  tables  were 
taken  from  Feature  Design  Memorandum  No.  3.  Complete  data  from 
testing  conducted  during  the  project  design  phase  are  presented 
in  the  Harlan  Diversion  Project  feature  De  ^.ign  Memorandum  No. 
3,  Engineering  Features  and  in  the  construction  specifications 
for  the  Harlan  Diversion  Project,  Appendices  A  and  B.  Design 
of  the  diversion  tunnels  and  characteristics  of  foundation 
materials  was  the  subject  of  an  article  by  Marvin  Simmons  and 
John  Stanton,  published  in  the  Bulletin  of  the  Association  of 
Engineering  Geologists.  No.  1,  1991. 
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Results  of  discontinuity  studies. 
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Rock  mass  propenies  and  lest  data. 


Direct  sheir  strength  test  dita. 


Rock  properties  and  iriaxial  strength  test  data. 


CH-]  SilBtone  1,198.8 

CH-3  SilL^tone  1,168.7 


Summary  of  direct  shear  test  data. 


Intact  Rock 

Bedding  Plane 

Sawed  Surface 

Peak 

Ultimaie 

Ultiinate 

Ultimate 

Hole 

Semple 

0  Cpai 

0  Cpai 

0  Cpai 

0  Cpsi 

Numbsr 

Maieml 

Elevation 

(degrees) 

(degrees) 

(degrees) 

(degrees) 

C-54A 

Siltstone 

1.424.5 

58 

165 

C-54A 

Shaly  Sandstone 

1383.9 

30 

5 

C-55A 

Shaly  Sandstone 

1383.2 

69 

197 

29 

27 

C-55A 

Shaly  Sandstone 

1383.0 

35 

22 

C-55A 

Shaly  Sandstone 

1373.3 

31 

4 

C-55A 

Shaly  Sandstone 

1373.1 

26 

12 

C-57 

Siltstone  A  Shale 

13815 

65 

190 

26 

45 

C-57 

Siltstone 

1381.1 

26 

30 

C-57 

Siltstone 

1.279.4 

28 

17 

C-159A 

Siltstone 

1.197.2 

45 

37 

29 

2 

C-159A 

Siltstone 

1.184.3 

53 

40 

30 

16 

C-159A 

Siltstone 

1.178.6 

21 

12 

C-159A 

Siltstone 

1.179.5 

50 

35 

33 

0 

C-202A 

Siltstone 

1.179.4 

19 

18 

C-202A 

Siltstone 

1.166.4 

36 

36 

22 

3 

C-202A 

Siltstone 

1.160.6 

17 

92 

C-202A 

Siltstone 

1.156.4 

23 

109 

14 

31 

C-203A 

Siltstone 

1341.3 

72 

35 

32 

0 

C-203A 

Siltstone 

1.203.0 

40 

115 

26 

35 

C-203A 

Siltstone 

1.194.2 

69 

80 

6.  Downstream  Portals 


6.1  Excavation  Grades  -  Design  and  As-Built. 


6.1.1  Overburden.  Overburden  slopes  were  designed 
to  be  1V:1H  along  the  left  side  slope  and  above  the  tunnel 
portals,  and  1V:2H  along  the  right  side  slope,  as  shown  on  the 
general  plan  of  the  downstream  portal,  PLATE  B-1.  During 
construction,  slides  developed  on  the  1V;1H  overburden  slopes, 
some  of  them  extending  back  to  joint  faces  in  highly  weathered 
rock.  Treatment  consisted  of  laying  back  the  slope  to  IV :  IV^H 
in  overburden,  or  to  the  joint  faces  which  had  been  exposed  in 
rock.  As  a  result,  some  of  the  overburden  slopes  were  flatter 
or  set  back  farther  into  the  hillside  than  originally  planned. 
An  increase  in  excavation  quantities  resulted.  Design  and  as- 
built  cross-sections  are  included  in  Appendix  B. 


6.1.2  Rock .  All  finished  rock  slopes  were  presplit. 
The  specifications  allowed  a  one  foot  offset  between  lifts  and 
limited  lift  depth  to  30  feet.  Approval  was  given  to  the 
contractor's  request  to  offset  slopes  three  feet  between  lifts 
to  accommodate  drilling  equipment,  as  shown  on  PLATE  E-8. 

A  ten- feet -wide  bench  was  to  be  constructed  at  the  top  of  rock. 
To  establish  the  bench,  a  2V:1H  slope  was  presplit  from  top  of 
rock  down  to  bench  level.  Below  this  bench,  rock  slopes  were 
designed  to  be  4V:1H  and  vertical.  Because  of  low  rock  at  the 
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bench  level  and  continuing  development  of  slides  in  the  1V:1H 
slopes,  the  bench  at  top  of  rock  was  set  back  15  feet  into  the 
hillside.  A  new  1V:1H  backslope  was  laid  out.  Rock  was 
encountered  at  approximately  elevation  1290.  A  2V:1H  presplit 
slope  was  developed  from  approximately  1290  to  1270.  This 
.'allowed  final  slopes  to  be  constructed  in  harder,  less 
weathered  rock.  An  extra  bench  was  created  and  the  design 
bench  was  lowered  and  widened. 

Overbreakage  resulted  in  areas  where  joints  occurred  behind  the 
presplit  surfaces.  The  rock  was  often  too  fractured  to  bolt 
effectively.  In  such  areas  loose  blocks  were  removed  and  joint 
faces,  rather  than  presplit  faces,  form  the  finished  slope. 

Below  elevation  1230,  blasting  caused  the  rock  to  shift  along 
smooth,  nearly  horizontal  bedding  planes  and  high  angle  joints 
which  crossed  the  outside  corners.  Displaced  rock  was  either 
pinned  with  additional  rock  bolts,  or  removed.  Because  of 
this,  in  some  areas  the  final  excavated  surfaces  were  below  and 
behind  design  lines. 

PLATE  B-10  illustrates  plan  and  as-built  slope  configurations 
as  well  as  overburden/soft-rock/hard-rock  contacts  as 
determined  from  contractors  survey  data,  exploratory  pits,  and 
drill  holes. 

6.2  Dewatering  Provisions.  Groundwater  entering  the 
downstream  portal  excavation  was  limited  to  small  seeps 
occurring  primarily  at  the  overburden/rock  contact  and  along 
bedding  planes  and  joints.  The  total  amount  of  groundwater 
seepage  was  negligible  compared  to  surface  runoff. 

Control  of  surface  water  runcff  was  necessary  to  prevent 
flooding  of  the  work  area  during  periods  of  rainfall.  An 
intermittent  stream  entered  the  area  above  the  tunnel  1  portal. 
A  shotcrete  dam  was  constructed  to  divert  the  stream  into  an 
18 -inch  diameter  corrugated  polyethylene  pipe  which  carried  it 
down  the  slope  and  away  from  the  work  area.  Water  which 
collected  in  the  work  area  was  processed  through  a  water 
treatment  plant  to  remove  suspended  solids,  and  then  pumped 
into  Clover  Fork. 

6.3  Overburden  Excavation. 


6.3.1  _ Dates .  Surveyors  began  layout  at  the 

downstream  portal  area  during  the  last  week  of  September  1989. 
Overburden  excavation  began  in  November  1989  and  continued  in 
conjunction  with  rock  excavation  until  July  1990. 

6.3.2  Methods  and  Equipment.  Excavation  began  at 
the  top  of  the  portal  area.  Two  D-8  Caterpillar  dozers  and  a 
Komatsu  PC150LC  backhoe  cut  the  I'VilH  slope  and  moved  the 
material  to  an  existing  bench  at  approximately  elevation  1215. 
Large  sandstone  boulders  which  were  uncovered  during  overburden 
removal  were  blasted  so  they  could  be  loaded  and  hauled  to 
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disposal.  A  John  Deere  844  and  a  Fiat  Allis  745H  rubber-tired 
endloader  loaded  material  into  16  cubic  yard  capacity  highway 
dump  trucks  which  transported  it  to  disposal  area  L-11  by  way 
of  Route  72  and  US  119. 

6.3.3  Construction  Summary,  Problems .  and  Treatment . 
The  general  treatment  of  the  portal  slopes  included 
installation  of  rock  anchors  on  an  8  by  8  feet  pattern,  strip 
drains,  and  a  four-inches-thick,  welded-wire-fabric  reinforced, 
shotcrete  covering. 

Occasionally,  shotcreting  of  the  1V:1H  backslope  was  delayed 
beyond  contract  specified  time  limits,  for  two  reasons,  (1) 
slides  required  repositioning  of  finish  slopes  and  (2)  design 
slopes  were  dependent  upon  an  estimated  top  of  rock  line.  When 
rock  was  encountered  lower  than  anticipated,  benches  and 
backslopes  had  to  be  lowered  or  set  back  into  the  hillside. 
Both  of  these  conditions  were  unpredictable  and  required  that 
shotcrete  application  be  delayed  so  that  benches  and  slopes 
could  be  adjusted  as  the  excavation  progressed.  For  these 
reasons  overburden  slopes  were  not  shotcreted. 

In  December  1989,  excavation  of  the  IV : IH  backslope  began  along 
the  left  portal  slope  between  stations  7+00  and  9+80.  A  slide 
began  developing  along  the  top  of  this  1V:1H  slope,  between 
station  8+25  and  8+75  on  15  December,  1989.  Tension  cracks 
developed  15  feet  upslope  from  the  top  at  the  1V:1H  cut, 
accompanied  by  bulging  and  cracking  in  the  overburden  and 
weathered  rock  portion  of  the  slope.  The  material  was  removed 
and  the  slope  stabilized  by  laying  it  back  to  1V:1MH.  The 
slope  was  warped  into  the  steeper  1V:1H  slopes  on  either  side. 
Removing  the  slide  and  laying  back  the  slope  moved  the  top  of 
the  cut  uphill  and  outside  project  limits,  requiring  the 
acquisition  of  additional  property. 

During  January  1990,  slides  continued  to  develop  on  1V:1H 
backslopes.  Two  slides  located  along  the  left  side  slope  from 
station  8+10  to  8+60  and  from  9+30  to  9+75  occurred  along  joint 
planes  which  trend  N15°W,  60°  SW;  nearly  parallel  to  the  cut 
slope.  Seepage  along  the  overburden/siltstone  contact  and 
along  the  joint  planes  saturated  the  overburden  and  contributed 
to  slope  failure.  Treatment  consisted  of  removing  slide 
material  back  to  the  joint  face  using  a  D-8  dozer  and  backhoe . 

Slides  also  developed  along  the  1V:1H  backslope  above  tunnels 
2  and  3 .  Cracks  appeared  in  the  ground  surface  above  the  top 
of  the  cut-  slope,  accompanied  by  cracking  and  outward  movement 
in  the  weathered  siltstone  along  a  nearly  horizontal  bedding 
plane.  After  heavy  rains  on  10  and  11  February  1990,  an 
overburden  slide  occurred  from  station  7+50  to  8  +  00  on  the  left 
side  slope.  Saturated  soil  continued  to  slide  along  a  joint 
face  which  intersected  the  cut  slope.  Cracking  in  the 
overburden  extended  13  feet  upslope  of  the  clearing  line.  A 
backhoe  was  used  to  remove  slide  material  back  to  the  joint 
face  . 
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6.3.4  Disposition  of  Materials.  Most  of  the 
overburden  excavated  from  the  downstream  portal  area  was  hauled 
to  disposal  area  L-11.  In  December  1989,  a  small  amount  was 
used  as  fill  at  the  Corps  of  Engineers  office  site. 

6.4  Rock  Excavation. 


6.4.1  _ Dates .  Rock  excavation  began  at  the 

downstream  portal  in  January  1990  and  was  completed  on  14 
September  1990. 

6.4.2  Methods  and  Equipment.  Blasting  began  at  the 
top  of  rock,  about  elevation  1290  at  its  highest  point,  and 
continued  to  the  finished  grade  near  elevation  1155.  Ingersoll 
Rand  ECM  350  air-track  drills  with  750  CFM  air  compressors  were 
used  to-  drill  blast  holes.  A  Gardner -Denver  RDC  16  rotary 
drill  was  used  briefly,  during  May  1990,  to  drill  5y8-inch 
diameter  blast  holes  for  ten  production  blasts.  A  Caterpillar 
D-8  dozer  pushed  material  to  a  John  Deere  844  and  a  Fiat  Allis 
74 5H  endloader  for  loading  into  trucks  which  transported  it  to 
the  disposal  area. 

6.4.3  Blasting .  All  finished  rock  slope  surfaces 
were  presplit.  Presplit  drilling  and  blasting  began  in 
February  1990  on  the  2V:1H  slope  from  top  of  rock  down  to  bench 
level,  approximately  elevation  1290  to  1270.  During  March 
1990,  blasting  continued  with  development  of  the  4V:1H  presplit 
slope  and  production  blasting  from  approximately  elevation  1270 
to  1245.  In  April  blasting  continued  on  the  right  side  slope 
along  Baseline  "A",  along  the  backslope  above  the  tunnel 
portals,  and  along  the  outside  corners  of  tunnels  1  and  2. 
Details  of  initial  presplit  (PS)  and  production  (Prod)  blasting 
are  shown  on  the  next  page. 

Type  Dia.  Spacing  Depth  Stem _ Powder _ Ibs/delav 

PS  2M-3"  36"  15-30'  2-4'  Detagel,  Iresplit  - 

200  grain  Primacord 

Prod  4"  5x5 , 6x6 ,  8-15'  6-7'  ANFO,  Iremite  40-65 

7x7 

Presplit  blasts  were  detonated  with  electric  blasting  caps. 
Production  blasts  were  detonated  with  the  Nonel  system.  The 
first  presplit  shot  across  the  face  of  tunnel  1  was  loaded  with 
200-grain  detonating  cord  only  and  failed  to  produce  good 
breakage.  The  holes  were  cleaned  out  and  reloaded  with 
detonating  cord  and  Detagel  which  produced  satisfactory 
results . 

Excavation  continued  on  the  downstream  portals  to  approximately 
elevation  1200  during  May  1990.  This  included  presplitting 
adjacent  to  tunnels  1,  3,  and  4.  Production  blasting  continued 
in  front  of  tunnel  2.  Experimentation  with  different  materials 
and  techniques  were  conducted  in  an  effort  to  reduce  blast 
damage  to  the  outside  corners.  Additional  vertical  rock  bolts 
and  pattern  rock  bolts  were  installed  before  adjacent  blasts 
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were  fired.  Despite  the  precautions  that  were  taken,  some 
damage  did  occur  and  this  resulted  in  final  excavated  surfaces 
that  were  below  and  behind  design  lines. 

Presplit  (one  30-feet  lift)  and  production  blasting  (two  15- 
feet  lifts)  continued  from  elevation  1230  to  1200  in  front  of 
tunnels  3  and  4.  The  left  side  slope,  along  baseline  C  from 
station  11+00  to  11+66,  was  presplit  in  one  lift  from  elevation 
1215  to  1186.  Details  of  typical  blasts  are  shown  below. 

Type  Dia.  Spacing  Depth  Stem  Powder _ 

PS  2M"  36-18"  30'  lM-4 '  Primacord  (200  gr) ,  Detagel, 

Unigel,  Iresplit.  EB  Caps. 

Prod  3-5"  6x6, 9x9'  15'  3-8'  ANFO,  Iregel,  Iremite  primers 

Nonel  initiation. 

Experimentation  with  different  presplit  materials,  hole 
spacing,  and  deck  loading  was  done  in  an  effort  to  reduce  blast 
damage  to  the  outside  corners  of  the  downstream  portals.  To 
reinforce  the  corners,  ten  and  twenty  feet  long  vertical  rock 
bolts  were  installed  on  the  outside  corners  of  tunnels  1  and  3 
prior  to  blasting.  Pattern  rock  bolts  were  installed  in 
vertical  faces  before  adjacent  blasting.  Installation  of 
anchor  bars,  welded  wire  fabric,  and  shotcrete  continued  within 
the  time  restraints  set  forth  in  the  specifications.  Despite 
the  precautions  damage  occurred  as  rock  shifted  along  smooth, 
nearly  horizontal  bedding  planes  and  high  angle  joints  which 
cross  the  outside  corners.  Displaced  rock  was  secured  with 
additional  rock  bolts,  or  removed.  Blast  damage  to  shotcrete 
also  became  a  problem.  A  production  blast  in  front  of  tunnel 
3  from  elevation  1215  to  1200  resulted  in  shifting  of  the 
tunnel  2  corner  along  a  joint  and  bedding  planes  and  damaged 
shotcrete  on  the  face  of  tunnel  2. 

The  Contractor  employed  Dr.  James  Mahar,  a  rock  mechanics 
consultant,  to  evaluate  conditions  at  the  downstream  portal. 
Dr.  Mahar  presented  his  findings  and  recommendations  at  a 
meeting  held  at  the  Pineville  Area  Office  on  1  June  1990.  The 
recommendations  included  the  installation  of  40-feet  long, 
vertical,  stressed  anchors  on  two-feet  centers  around  the 
corners  and  two  feet  inside  the  presplit  lines.  Extra  length 
rock  bolts  installed  normal  to  joints  which  cut  across  the 
corners  were  also  recommended.  It  was  suggested  that  the 
blasting  plan  be  re-evaluated  and  modified  if  necessary. 

Presplitting  the  remaining  45  feet  in  one  single  lift  was 
discussed,  this  being  a  way  of  preserving  more  of  the  rock 
corner  by  eliminating  a  horizontal  offset  which  would  be 
required  if  two  separate  presplit  shots  were  made. 

A  modified  version  of  Dr.  Mahar 's  plan  was  used.  Additional 
bolts  up  to  40  feet  long  were  installed  on  each  side  of  the 
corners,  angled  to  intersect  and  anchor  behind  cross-cutting 
joint  planes.  Vertical  bolts  up  to  40  feet  long  were  installed 
from  the  elevation  1200  level,  on  four-f eet-centers  around  the 
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outside  corners.  The  layout  of  additional  bolts  is  shown  on 
PLATES  B-14  and  B-15. 


The  blasting  plan  was  revised  to  reduce  the  overall  size  of  the 
blasts  and  reduce  presplit  hole  spacing  to  18  inches. 
Presplitting  from  elevation  1200  to  1155  was  completed  in  one 
lift.  Other  details  of  the  revised  blasting  plan  were: 


Spacinc 


Depth 


Stem  Powder 


PS  3"  18"  45'  4'  Detagel  and  Unigel 

Prod  3^  7'x  7'  15'  6'  ANFO 


Blasting  resumed  on  19  June  below  elevation  1200  with  much 
improved  results.  Excavation  was  completed  to  invert  level  by 
26  June.  Installation  of  pattern  rock  bolts,  drains,  and 
shotcrete  was  completed  around  the  portal  corners.  Blasted 
rock  was  pushed  back  up  to  the  portal  faces  to  a  level  four 
feet  below  springline  to  form  an  access  ramp  and  work  platform 
for  construction  equipment.  The  two  roadheaders  were  moved 
into  position  in  front  of  tunnels  1  and  2  with  excavation  of 
the  top  headings  scheduled  to  begin  in  early  September  1990. 


6.4.4  Disposition  of  Excavated  Materials .  Initially 
rock  excavated  from  the  downstream  portal  was  placed  in 
disposal  area  L-11.  Beginning  in  February  1990  the  material 
was  hauled  to  the  proposed  site  for  the  new  Harlan  High 
School .  Blasted  rock  was  also  used  as  fill  in  the  Highway  72 
bridge  abutment  approach  ramps. 


6.5  Foundation  Preparation  and  Clean-up.  Slopes  were 
cleaned  using  compressed  air  and  water,  and  hand  tools.  Water 
was  used  sparingly  on  the  more  weathered  siltstone  surfaces. 
Scaling  of  loose  rock  from  the  surface  slopes  was  accomplished 
with  the  excavating  equipment  as  the  cut  was  brought  down.  The 
contractor  proposed  to  use  high  pressure  water  sprayers  (green¬ 
cutting)  ,  rather  than  sandblasting,  to  remove  latency  and 
rebound  material  which  accumulated  at  the  bottom  of  the  slope 
during  shotcrete  application.  This  method  was  used  with  good 
results.  Cleaning  of  the  cold- joint  was  further  improved  upon 
by  placing  two-by-eight-  feet  plywood  sheets  along  the  bottom 
of  the  slopes  being  shotcreted.  The  plywood  reduced  the 
accumulation  of  rebound  material  and  kept  the  exposed  bottom, 
edge  of  the  welded  wire  reinforcement  cleaner.  About  15 
minutes  after  shotcrete  application,  the  plywood  was  removed 
and  the  joint  area  was  green-cut.  This  procedure  worked  very 
well  and  green-cutting,  instead  of  sandblasting,  was  approved 
for  continued  use. 


6.6  Rock  i-.einf  orcement .  Downstream  portal  slopes  were 
reinforced  with  rock  dowels  and  rock  bolts  as  shown  on  PLATES 
B-11  through  B-15.  Both  rock  dowels  and  rock  bolts  were  epoxy 
coated  No.  7,  grade  60,  fully  threaded  steel  bars  manufactured 
by  the  Dywidag  Company. 
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Rock  dowels  were  installed  on  ten  feet  spacing  along  the  more 
weathered,  upper  portion,  of  the  rock  slopes.  Dowels  were 
grouted  with  Conbextra-S  non-shrink  grout  and  were  not 
stressed.  Dowels  were  installed  within  24  hours  of  exposure  of 
the  excavated  face. 

Pattern  rock  bolts,  were  installed  on  a  10  by  10  feet  staggered 
pattern.  Additional  bolts,  up  to  25  feet  in  length,  were 
installed  as  necessary.  Rock  bolts  were  anchored  with  Fosroc 
Lokset  resin  cartridges  and  stressed  to  30  kips.  Bolts  were 
installed  within  48  hours  of  exposure  of  the  excavated  face. 
The  resin  manufacturer's  data  indicated  that  with  %-inch  bolts 
and  l^X-inch  holes,  the  lV«-inch  resin  cartridges  would  "yield", 
or  encapsulate,  16  inches  of  bolt  per  12-inch  cartridge 
including  a  15%  loss  which  was  considered  to  be  typical.  In 
practice,  however,  a  12-inch  cartridge  would  yield  only  about 
12  inches  of  bolt  encapsulation.  At  first  it  was  suspected 
that  the  resin  loss  was  occurring  as  resin  was  forced  into 
cracks  in  the  rock.  While  that  may  have  been  true  in  some 
instances,  the  difference  was  attributed  primarily  to 
variations  in  hole  diameter.  Measurements  with  a  hole  gauge 
indicated  holes  to  be  the  correct  1^^-inch  diameter  at  the 
bottom  of  the  hole,  with  the  diameter  increasing  slightly 
toward  the  collar.  This  lower  than  anticipated  yield  was 
obvious  from  the  beginning,  when  resin  failed  to  show  at  the 
rock  surface  as  a  bolt  was  inserted.  Nine  12-inch  cartridges 
were  required  for  each  ten  feet  long  bolt.  For  longer  bolts, 
the  number  of  resin  cartridges  was  increased  accordingly. 

6.6.1  Rock  Bolt  Testing.  Specifications  required 
two  types  of  rock  bolt  testing,  pull-out  tests  and  load  cells. 
Two  pull-out  tests  were  conducted  at  the  upstream  portal  area 
early  in  the  bolting  program  to  check  the  strength  of  the 
anchorage  system  and  insure  the  adequacy  of  bolting  procedures. 
Three  load  cells  were  installed  on  downstream  portal  surface 
bolts  to  monitor  long-term  performance.  For  both  types  of 
tests,  only  the  fast -set  anchor  zone  resin  cartridges  were 
used.  Results  of  the  pull-out  tests  are  shown  below.  Load 
cells  are  discussed  in  Section  6.9. 

6. 6. 1.1  Pull-Out  Tests.  Test  bolts  were  to  be 
stressed  to  IM  times  the  yield  strength  of  the  bolt,  or  to 
failure,  whichever  was  less.  The  yield  strength  of  a  No.  7 
grade  6C  bolt  is  36  kips,  therefore  the  maximum  test  load  was 
to  be  54  kips.  In  the  first  two  tests  elastic  deformation  of 
the  bolts  occurred  before  failure  of  the  anchorage.  Since  the 
ultimate  strength  of  this  type  of  bolt  is  52M  kips,  the  maximum 
load  applied  to  the  remaining  three  test  bolts  at  the  upstream 
portal  was  reduced  to  42  kips.  The  tensioning  jack  was 
calibrated  against  a  load  cell  before  each  test.  Both  tests 
were  conducted  in  hard,  unweathered,  siltstone  using  ten  feet 
long.  No.  7,  grade  60  bolts.  Bolt  elongation  was  measured, 
where  recorded,  using  a  hand  held  scale.  Drill  hole  diameters 
were  1V<- inches.  Resin  cartridges  were  1V»- inches  in  diameter  by 
12  inches  long.  Mr.  Gary  Greenfield  of  the  Fosroc/Celt ite 
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Company  was  on  site  to  observe  the  first  two  pull-out  tests. 
Test  results  are  tabulated  below. 


Test  Bond* 
No.  Length 

S-1  36-in. 


Stress*  Jack 
Length  PSI 

76-in.  1300 


Load 

(Kips) 


Strain 
(Ins) _ 


Remarks 


-  Elastic  deform- 

-  ation  began  at 

0.47  50  kips,  testing 

0.59  discontinued 


S-2  36-in. 


76-in. 


-  Elastic  deform- 

-  ation  began  at 

0.30  47.5  kips,  test- 

0.40  ing  discontinued 


*Bond  and  stress  lengths  are  calculated  based  on  the  observed 
yield  of  12  inches  of  bolt  encapsulation  per  12-inch  resin 
cartridge . 

Rock  bolt  pull-out  test  results  confirmed  the  adequacy  of  the 
36-inch  bond  zone  used  for  all  surface  bolts.  All  surface 
bolts  were  tensioned  to  30  kips.  Three  more  rock  bolt  pull-out 
tests  were  made  at  the  upstream  portal.  Details  of  these  tests 
are  included  in  Section  7.6.1  of  this  report. 

6.7  Rock  Protection.  Even  though  SDI  test  results  were 
in  the  97%  to  99%  range,  some  deterioration  occurs  when  this 
siltstone  is  subjected  to  repeated  wetting  and  drying  cycles, 
over  a  period  of  a  few  months.  A  four- inch  minimum  thickness 
of  welded-wire-fabric  reinforced  wet-mix  shotcrete  was  applied 
within  96  hours  of  exposure  of  the  excavated  face  to  protect 
against  slaking  and  weathering. 

6.7.1  Shotcrete  Mix  Design.  All  shotcrete  was  the 
wet -mix  type.  A  water  reducing  admixture  was  added  to  a  mix 
having  a  one- inch  slump.  The  resulting  mix  had  a  slump  of 
about  2M- inches  measured  at  the  hopper. 

The  ty'pical  shotcrete  mix  used  on  surface  slopes  was: 


Cement  850  lbs. 
Sand  1715  lbs. 
Stone  1010  lbs. 


Mix  SG-6 

AEA  2  oz .  (air-entraining  admixture) 
WRA  51  oz .  (water- reducing  admixture) 
Water  302  lbs. 


Accelerator  was  added  at  the  nozzle  as  conditions  required. 

6.8  Drainage  Provisions.  Drain  holes  were  drilled  and 
slotted  PVC  pipes  installed  on  a  12-by-12  feet  pattern  before 
shotcrete  was  applied.  Drain  holes  were  15  feet  deep  and 
angled  5°  upward.  Strip  drains  were  installed  as  necessary. 
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Strip  drains  were  Hitek  6,  a  10-inch  wide  by  Vi-inch  thick 
geocomposite  drain,  described  as  a  cuspated  high  density 
polyethylene  core  wrapped  in  a  geotextile  filter  sleeve, 
produced  by  Burcan  Industries. 

6.9  Instrumentation.  Three  load  cells  were  installed  on 
downstream  portal  slopes.  Two  load  cells,  LIDS  and  L2DS,  were 
installed  near  the  downstream  portals  of  tunnels  2  and  3 
respectively,  on  12  July  1990.  These  first  two  installations 
were  observed  by  Mr.  Bill  Jewsberry  of  Slope  Indicator  Company, 
the  load  cell  manufacturer.  A  third  load  cell  L3DS  was 
installed  on  14  August  1990.  Load  cells  were  monitored  daily 
for  the  first  60  days  after  installation  and  while  excavation 
was  within  80  feet,  and  weekly  thereafter  for  the  duration  of 
all  tunnel  excavation. 

The  contractor  was  required  to  give  immediate  notification  if 
a  load  cell  reading  was  five  kips  greater  than  the  previous 
reading.  Load  cells  1,  2,  and  3  were  installed  with  a  20  to  25 
kip  lock-off  load,  and  showed  total  increases  of  only  about 
four  kips  during  the  monitoring  period.  Graphs  of  load  cell 
readings  are  included  in  Appendix  I,  PLATES  1-24  through  1-31. 

6.10  Foundation  Approval  and  Mapping.  Immediately  after 
exposure,  portal  slopes  were  inspected  by  a  Corps  of  Engineers 
geologist,  at  which  time  additional  scaling  and  rock  bolting 
was  directed  as  necessary.  Foundation  approval  was  given  after 
final  clean-up,  before  shotcrete  was  applied.  Maps  of  the 
downstream  portal  slopes  are  included  on  PLATES  B-16  through  B- 
20  . 


6.11 _ Possible  Future  Problems  and  Recommended 

Observations .  On  23  January  1992  cracks  were  first  noticed  in 
the  shotcreted  backslope  above  the  tunnel  3  corner,  from,  about 
elevation  1260  to  1240.  Study  of  geologic  maps  and 
construction  photographs  indicated  the  cracking  occurred  along 
a  smooth,  high-angle  joint  face.  The  cracked  shotcrete  showed 
about  five  inches  displacement,  which  was  appa'>'ently  caused  by 
a  buildup  of  water  pressure  due  to  frozen  drain  holes.  The 
location  of  the  electrical  substation,  which  supplied  power  to 
the  tunnels,  blocked  access  by  shotcrete  equipment.  As  a 
preliminary  fix,  the  slope  was  reinforced  with  15  additional 
rock  dowels  in  May  1992.  The  area  became  accessible  for 
completion  of  the  remedial  work  in  October  1992.  Laborers  used 
jackhammers  to  remove  cracked  shotcrete.  Inspection  of  the 
underlying  rock  surface  indicated  that  the  shotcrete  had 
cracked  and  separated  from  the  rock  surface  along  the  smooth 
joint  face,  and  no  rock  movement  was  involved.  The  rock 
surface  had  remained  mostly  unweathered  and  fresh.  Additional 
drains  were  installed  and  new  shotcrete  applied. 

Similar  shotcrete  cracking  can  be  expected  in  the  future. 
Repair  may  be  dangerous  and  difficult  because  of  the  steepness 
of  the  slopes  and  limited  access. 


i 


» 


» 


» 


Downstream  Portals. 


•  •  • 


32 


7.  Upstream  Portals. 


7,1  Excavation  Grades  -  Design  and  As-Built.  The 
contractor's  surveyor  developed  a  stationing  system  whereby 
cross-sections  could  be  made  perpendicular  to  the  vertical 
backslope.  All  layout  and  mapping  above  elevation  1210 
utilized  this  stationing  system.  Baseline  locations  are  shown 
on  PLATE  C-1. 

Baseline  A  =  Station  3+20.5 
Baseline  B  =  Station  2+00 
Baseline  C  =  Station  0+79.5 

7.1.1  Overburden .  Overburden  slopes  were  designed 
and  constructed  at  IV: IH,  as  shown  on  the  general  plan  of  the 
upstream  portal,  PLATE  C-1.  Because  of  changes  to  the 
underlying  rock  slopes,  the  overburden  slope  extended  slightly 
higher  up-hill  than  originally  planned. 

7.1.2  Rock ■ 

7. 1.2.1  Backslope.  The  slope  was  designed  to 
be  2V : IH  in  weathered  rock.  A  10-feet-wide  bench  was  to  be 
created  where  the  top  of  rock  line  intersected  the  vertical 
slope  near  elevation  1270.  Below  this  bench  the  vertical 
slope  extended  down  to  tunnel  invert  at  elevation  1168. 

Seven  air-track  holes  were  drilled  to  determine  the  elevation 
of  harder  rock  along  the  vertical  portal  backslope.  Harder 
rock  was  found  to  be  about  10  feet  below  the  design  bench 
elevation.  Based  upon  these  findings,  the  upstream  portal 
design  was  changed  in  the  following  ways: 

1.  Vertical  slope  remained  in  design  location,  but 
lowered  approximately  10  feet,  to  begin  in  harder 
rock . 

2.  The  bench,  where  the  vertical  slope  intersected  the 
hard  rock  surface,  was  widened  from  10  to  15  feet. 

3.  2V:1H  slopes  were  created  in  hard  siltstone  and  the 
overlying  sandstone,  upslope  from  the  15-ft.  bench. 

4.  On  2V:1H  slopes,  a  10-feet-wide  bench  was  created  at 
the  top  of  each  lift. 

5.  In  continuing  development  of  the  vertical  face  which 
extended  down  to  tunnel  invert  level,  vertical 
presplit  lines  were  offset  three  feet  at  the  top  of 
each  lift. 

Lowering  the  bench  to  begin  in  less  weathered  rock  was,  in 
large  part,  a  safety  consideration.  The  intent  was  to  reduce 
the  chances  of  slope  failures  and  rock  fall  from  the  top  of  the 
vertical  slope,  which  would  eventually  be  about  100  feet 
directly  above  the  working  surface.  These  changes  increased 
the  amount  of  clearing  and  excavation  above  the  portals,  and 
increased  the  tunnel  lengths  by  about  three  feet.  Design  and 
as-built  cross-sections  are  shown  on  PLATE  C-10. 
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7. 1.2. 2  Side  Slopes.  Side  slopes  were  designed 
and  constructed  on  4V:1H. 

7. 1.2. 3  Nosings.  Three  nosings  project  from 
the  backslope  to  channel  water  flow  into  the  tunnels.  Each 
nosing  is  about  34  feet  wide  at  the  back,  20  feet  wide  at  the 
tip,  and  130  feet  long.  Nosings  are  about  42  feet  high  with 
nearly  vertical  sides.  Nosings  consist  of  rock  left  in  placed 
during  portal  excavation,  protected  by  a  covering  of  shotcrete 
or  concrete.  The  concrete  portion  of  nosing  2  also  supports 
the  Highway  38  bridge.  Nosing  sections  and  details  are 
included  on  PLATES  C-11  through  C-13. 

7.2  Dewatering  Provisions.  Groundwater  entering  the 
upstream  portal  excavation  was  limited  to  small  seeps  occurring 
at  the  overburden/rock  contact  and  along  bedding  planes  and 
joints.  The  total  amount  of  groundwater  seepage  was  negligible 
compared  to  surface  runoff. 

As  the  excavation  progressed  downward  below  the  level  of 
existing  Highway  38,  about  elevation  1200,  control  of  surface 
runoff  became  more  difficult.  Water  collected  in  the  portal 
area  during  periods  of  rainfall.  Ponded  water  interfered  with 
work  activities,  including  instrumentation  readings,  since  the 
muddy  water  could  not  be  disposed  of  in  the  river.  After 
waiting  for  the  suspended  solids  to  settle  out,  the  water  was 
pumped  into  Clover  Fork.  Eventually,  as  the  tunnels  top 
headings  were  completed,  water  was  piped  through  a  tunnel  to 
the  downstream  portal  area  and  processed  through  the  water 
treatment  plant,  before  being  discharged  into  Clover  Fork. 

7.3  Overburden  Excavation.  Initial  clearing  of  the 
upstream  portal  area  was  done  in  January  and  February  1990. 
Additional  clearing  which  was  required  because  of  changes  to 
the  rock  slopes  was  done  in  May  1990.  Much  of  the  overburden 
was  removed  in  conjunction  with  adjacent  Highway  38  excavation 
which  began  in  March  and  was  completed  ±>y  the  end  of  July  199C  . 

7.3.1  Disposition  of  Excavated  Material .  Overburden 
materials  from  the  upstream  portal  area  were  placed  in  the  H-2 
disposal  area. 

7.4  Rock  Excavation.  Rock  excavation  began  at  the 
upstream  portal  on  28  June  1990  and  was  completed  on  4  April 
1991.  Blasting  began  at  the  top  of  the  slope  in  sandstone  at 
about  elevation  1321,  and  continued  down  to  tunnel  invert  level 
at  elevation  1168.  Ingersoll  Rand  ECM  350  air-track  drills 
with  750  CFM  air  compressors  were  used  to  drill  blast  holes. 

Above  elevation  1210,  blasting  methods  were  similar  to  those 
used  on  the  Highway  38  road-cut  on  either  side  of  the  portal. 
Below  elevation  1210,  more  controlled  blasting  techniques  were 
used  to  minimize  blast  damage  to  the  portal  nosings. 
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7.4.1  Disposition  of  Excavated  Materials.  A 
Caterpillar  977L  endloader  loaded  shot  rock  directly  onto 
Euclid  R50  dump  trucks.  The  material  was  hauled  to  the  H-2 
disposal  area,  stockpiled  for  later  use  as  embankment  fill,  or 
used  to  backfill  areas  in  the  Highway  38  subgrade  which  were 
over-excavated  to  remove  unsuitable  material. 

7.4.2  Blasting  Above  Elevation  1230. 

7. 4. 2.1  Presplit  Blasting.  In  developing  the 
upstream  portal  back  slope,  the  angled  presplit  holes  ran 
approximately  parallel  to  the  existing  ground  surface  only  a 
short  distance  away.  Firing  the  presplit  line  in  a  separate 
operation  before  the  production  blast  disturbed  the  remaining 
rock  and  made  it  difficult  to  drill  the  production  blast  holes. 
If  production  holes  were  drilled  before  the  presplit  shot, 
holes  were  cut  off  and  could  not  be  loaded.  For  these  reasons, 
the  presplit  and  production  blasts  were  usually  fired  in  one 
operation,  separated  by  millisecond  delays. 

Presplit  holes  were  2?i-inches  in  diameter,  drilled  on  36-inch 
centers,  with  a  maximum  depth  of  30  feet.  A  typical  presplit 
blast  contained  30  holes.  To  keep  blast  vibrations  down,  a 
maximum  of  15  holes  were  fired  per  delay  period,  with  a  17- 
millisecond  surface  delay  between  groups  of  holes.  Holes  were 
loaded  with  Detagel,  primed  with  detonating  cord,  and  initiated 
with  an  instantaneous  electric  blasting  cap.  Using  four  feet 
of  crushed  gravel  stemming,  this  resulted  in  100.9  pounds  of 
explosives  per  delay  period. 

The  condition  of  the  final  slopes  formed  by  presplit  blasting 
was  generally  good.  Back  break  occurred  in  areas  where  joints 
intersected  the  rock  face  at  an  angle  of  about  15°  or  less. 
Several  blocks  fell  out  from  the  face  leaving  overhangs  which 
were  removed  or  bolted. 

7. 4. 2. 2  Production  Blasting.  Production  holes 
were  3M  and  4-inches  in  diameter,  drilled  on  a  six-by-six, 
seven-by- seven,  or  eight-by-eight  feet  square  pattern,  with  a 
maximum  depth  of  30  feet.  The  number  of  holes  per  shot  varied. 
Holes  drilled  adjacent  to  the  presplit  lines  were  shortened  so 
that  they  would  be  no  closer  than  six  feet  to  the  presplit  line 
at  the  bottom  of  the  hole.  Holes  were  loaded  with  Iremite  and 
ANFO  with  one  pound  cast  primers  and  non-electric  caps.  Holes 
were  stemmed  with  six  to  seven  feet  of  crushed  gravel.  Powder 
factors  ranged  from  1.2  to  1.7  pounds  per  cubic  yard.  To  keep 
blast  vibrations  down,  the  amount  of  explosives  was  limited  to 
less  than  85  pounds  per  delay  period.  Seismographs  were  set  up 
for  all  blasts  to  monitor  vibration  levels  at  nearby 
structures . 


7 . 4 . 2 . 3 _ Excavation  Summary.  Problems.  and 

Treatment .  Blasting  exposed  joints  of  very  high  continuity 
which  intersected  the  portal  backslope  at  a  15°  angle,  and 
dipped  toward  the  open  excavation  (N  40°E,  75°SE) .  Zones,  up 
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to  2.4  feet  thick,  of  very  closely  spaced  (approximately  l>6- 
inch)  joints  were  noted.  These  are  shown  as  joints  number  15, 
16,  and  20  on  the  geologic  map  of  the  upstream  portal  slopes, 
Plate  C'lO.  The  joints  are  coated  with  very  soft,  residual 
silty  clay,  are  slightly  rough  to  smooth  and  are  not  healed. 

A  revised  bolting  plan,  developed  with  the  assistance  of 
District  Engineering  and  Construction  Divisions,  was 
implemented  to  provide  additional  support  for  rock  prone  to 
spalling  and  down-dip  gravity  sliding  along  joint  faces.  Bolt 
spacing  wcc  reduced  from  ten-by-ten  feet  to  five -by- five  feet, 
and  bolts  were  angled  5°  above  horizontal.  Bolts  were 
lengthened  as  necessary,  up  to  a  maximum  25  feet  length,  to 
provide  anchorage  about  five  feet  behind  the  joint  planes.  As- 
built  bolt  locations  are  shown  on  PLATES  C-14  and  C-15. 

Joint  mapping  and  projection  of  strike  identified  advantages 
for  the  use  of  longer  bolts  between  stations  0+60  and  1+00, 
elevations  1237  and  1242.  15-feet  long  bolts  were  installed  to 
anchor  three  to  five  behind  the  joint  plane.  Joint  filling 
caused  difficulty  for  resin  insertion,  clogging  the  drill  hole 
and  requiring  repeated  reaming  to  clear  the  hole.  Drilling 
holes  without  water  produced  better  results. 

Although  no  actual  damage  to  the  shotcrete  was  observed  during 
blasting,  several  shotcrete  undercuts  developed  behind 
template-  One  occurred  near  station  1  +  85  in  an  area  where 
fallouts  had  occurred  during  previous  excavation.  Other 
fallouts  were  noted  at  stations  1+00,  2+00  and  2+30.  Short 
rock  dowels  were  installed  in  each  fallout  area  prior  to 
shotcrete  backfilling.  A  five-by-five  feet  pattern  of  bolts  up 
to  25  feet  long,  was  installed  as  in  the  previous  lift. 

7.4.3  Blasting  Below  Elevation  1230. 

7. 4 .3.1  Nosing  Reinforcement  Prior  to  Blasting. 
Nosings  were  reinforced  with  vertical  bolts  ranging  in  length 
from  15  to  45  feet,  anchored  below  tunnel  invert  level  to 
elevation  1165-1163.  Bolts  were  installed  on  five  feet  centers 
around  the  perimeter  of  the  nosings,  and  on  approximately  six- 
by-ten  feet  spacing  on  interior  surfaces  of  the  nosings.  Bolts 
were  also  installed  on  45°  angles  to  anchor  behind  high  angle 
joints . 

The  bolt  installation  procedure  required  2M-inch  diameter  drill 
holes  with  a  five  feet  anchor  zone  at  the  base.  A  threaded 
coupling  was  used  on  bolts  longer  than  40  feet.  After  grout  in 
the  bond  zone  had  cured,  the  remainder  of  the  hole  was  filled 
with  grout.  Finally,  the  bolt  was  tensioned  to  30  kips  and  the 
load  locked  off. 
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Reinforcement  plan  for  upstream  portal  nosings. 


-3-2 - Blasting  Plan.  Dr.  Calvin  Konya  of 

Precision  Blasting  Services  in  Montville,  Ohio  was  called  in  as 
^  ^^^sting  consultant.  Controlled  blasting  technigues  were 
implemented  to  minimize  damage  to  the  upstream  portal  nosings. 
Blasting  methods  and  results  are  summarized  below. 

•  3  •  3 — Blasting  Sequence.  Presplit  holes  were 
drilled  for  the  full  42  feet  depth  of  the  nosings  and,  after 
stemming  the  lower  portion  of  these  holes,  presplit  and 
production  blasts  were  fired  in  two  lifts  of  about  21  feet 
each.  Following  presplitting  one,  two,  and  three  row 
production  blasts  were  used  to  excavate  rock  between  the 
nosings . 


7.4.3.4  Presplit  Blasting.  Presplit  holes  were 
2M-  inches  in  diameter,  drilled  on  18-inch  centers.  Initially 
holes  were  loaded  with  eight  sticks  of  %-inch  diameter  by  12- 
inch  long  cartridges  of  "Red-E-Split  A"  taped  onto  50-grain 
detonating  cord  and  spaced  34  inches  center-to-center .  With 
two  feet  of  stemming  this  produced  a  weight  of  0.116  pounds  of 
explosives  per  foot  of  hole.  Because  of  excessive  fly  rock  and 
heaving,  loading  was  later  reduced  to  O.lO  and  eventually  0.07 
pounds  per  foot  by  increasing  spacing  between  sticks  and 
leaving  a  four  feet  air  space  above  the  upper  stick.  Presplit 
holes  were  fired  simultaneously  with  high  precision  blasting 
caps . 


7. 4. 3. 5  Production  Blasting.  Production  holes 
were  three-inches  in  diameter,  drilled  on  a  five-by-seven  feet 
rectangular  pattern,  and  20  to  22  feet  deep.  Production  holes 
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were  loaded  with  two-inch  diameter  Iremite  E,  and  stemmed  with 
about  four  feet  of  crushed  stone.  A  row  of  buffer  holes  was 
used  between  the  production  holes  and  the  finished  slope. 
These  were  drilled  on  four  feet  centers  parallel  to,  and  three 
feet  away  from,  the  presplit  wall.  The  buffer  holes  were  2bi- 
inches  in  diameter  and  depths  varied  depending  upon  the  slope 
of  the  adjacent  presplit  wall.  Buffer  holes  were  loaded  with 
IM-inch  diameter  Iremite  E.  Production  shots  were  fired  with 
non-electric  caps  and  delayed  to  open  near  the  center  and  fire 
progressively  toward  each  side. 

7. 4. 3. 6  Problems  and  Solutions.  Blasting  and 
excavation  was  complicated  by  frequent  movements  of  nosing 
blocks  sideways  along  bedding  planes  and  high  angle  joints. 
Extensive  bolting  and  changes  to  the  blasting  plan  resulted  in 
some  improvement . 

As  blasting  began  between  nosing  1  and  2,  lateral  movement  of 
the  rock  mass  of  nosing  1  occurred  along  a  bedding  plane  at 
elevation  1190.  The  nosing  tip  rotated  in  an  upstream 
direction  and  offsets  as  much  as  1.4  feet  were  measured.  The 
horizontal  movement  cut  off  presplit  drill  holes  which  had  not 
been  loaded  and  fired.  Portions  of  the  two- inch  thick 
shotcrete  "flash-coat"  cracked  during  blasting  and  had  to  be 
removed . 

The  tip  of  nosing  2  also  shifted  during  blasting.  The 
displaced  block  contained  very  closely  spaced  joints  which 
dipped  70  degrees  toward  the  open  excavation.  Unlike  the  other 
two  nosings,  nosing  2  had  no  bench  out  in  front  at  elevation 
1190  which  would  serve  to  stabilize  the  displaced  block.  The 
disturbed  rock  was  determined  to  be  a  safety  hazard  and  a 
backhoe  was  used  to  remove  it.  About  12  0  cubic  yards  of 
additional  concrete  was  required  to  replace  it.  Ten  additional 
20-feet-long  bolts  were  installed  in  the  end  of  the  nosing 
between  elevations  1200  and  1190. 

Two  smaller  blasts  of  one  row  each  were  made  in  an  attempt  to 
reduce  movements  of  adjacent  nosings,  without  significant 
improvement.  Blasting  consultant  Dr.  Konya  recommended 
returning  to  two  row  breakup  shots  between  nosings,  and  this 
was  done . 

Two  other  changes  were  made  to  reduce  movement  of  the  nosings 
during  blasting.  To  reduce  bolt  breakage,  stressing  of  bolts 
was  discontinued.  Bolt  angles  were  increased  to  30°  downward 
from  horizontal  to  provide  better  anchorage  across  bedding 
planes.  These  changes  may  have  helped  slightly,  but  rock 
displacements  continued  to  occur. 

As  excavation  of  the  nosings  progressed,  it  became  apparent 
that  the  contract  requirement  of  shotcreting  the  exposed  rock 
surface  within  96  hours  would  have  to  be  waived.  When 
shotcrete  was  applied  before  blasting  on  the  opposite  side  of 
a  nosing,  shifting  of  the  rock  mass  would  crack  the  shotcrete 
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to  the  extent  that  it  had  to  be  removed  and  new  shotcrete 
applied.  For  this  reason,  shotcrete  was  delayed  until  adjacent 
blasting  was  complete.  To  prevent  weathering  of  the  siltstone 
a  "flash  coat",  an  approximately  one-inch-thick  layer  of 
protective  shotcrete,  was  applied  as  soon  as  possible  after 
exposure,  to  be  followed  by  installation  of  rock  anchors, 
welded  wire  fabric,  and  the  full  four- inch  thickness  of 
shotcrete  at  a  later  time.  Blasting  of  the  upstream  nosings 
was  completed  in  April  1991.  The  nosings  were  surveyed  so  that 
final  trimming  requirements  could  be  determined.  Trimming  was 
necessary  and  the  contract  was  modified  to  accomplish  this.  A 
hoe-ram  was  used  to  trim  nosings  to  within  required  lines  to 
allow  clearance  for  concrete  forms.  To  reduce  trimming 
requirements,  the  position  of  nosing  1  was  rotated  one  degree 
upstream  from  its  design  position.  Nosings  2  and  3  were  not 
changed. 

7.5  Foundation  Preparation  and  Clean-up.  Loose  rock  was 
removed  by  a  backhoe  as  the  slopes  were  brought  down.  Final 
cleaning  was  by  compressed  air  and  water,  and  hand  tools. 

7.6  Rock  Reinforcement.  Pattern  rock  dowels  and  bolts 
were  installed  as  at  the  downstream  portals,  except  that 
horizontal  spacing  was  decreased  from  10  feet  to  8 . 6  feet.  The 
general  bolting  details  are  shown  on  Plate  C-16.  In  some  areas 
the  bolting  pattern  was  changed  and  longer  bolts  installed,  as 
described  in  Section  7.6  of  this  report.  Rock  bolt  materials 
were  the  same  as  used  elsewhere  on  the  project. 

7.6.1  Rock  Bolt  Testing.  Three  rock  bolts  were  pull 
tested  to  confirm  the  adequacy  of  the  anchorage  system.  Test 
results  are  shown  below. 


Test 

No. 

Bond 

Lenath 

Stress 

Lenath 

Jack 

PSI 

Stress 

(Kios) 

Strain 

(Ins) 

Remark. 

S-3 

36  in . 

76  in. 

.... 

10 

0.10 

No 

failure 

— 

20 

0.22 

— 

30 

0.40 

— 

40 

0.81 

— 

42 

1.15 

S-4 

24  in. 

88  in . 

_ 

10 

0.13 

No 

failure 

— 

20 

0.32 

— 

30 

0 . 50 

— 

40 

0 . 90 

— 

42 

1.40 

S-5 

26  in. 

110  in. 

_ 

10 

0.25 

No 

failure 

— 

20 

0.38 

— 

30 

0.52 

— 

40 

0 . 78 

— 

42 

0 . 94 
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Bond  and  stress  lengths  are  calculated  based  on  the  observed 
yield  of  12  inches  bolt  encapsulation  per  12-inch  resin 
cartridge.  No  failures  resulted  with  bond  zones  as  short  as  24 
inches  and  loads  as  high  as  42  kips.  Pull-out  tests  confirmed 
the  adequacy  of  the  36-inch  bond  zone  used  for  surface  bolts. 
All  surface  bolts  were  tensioned  to  30  kips. 

7.7  Rock  Protection.  As  at  the  downstream  portals, 
siltstone  slopes  were  shotcreted  to  protect  against  weathering. 
The  Cawood  sandstone  exposed  at  the  top  of  the  slope  was  not 
shotcreted . 

7.8  Drainage  Provisions.  As  at  the  downstream  portal, 
slotted  PVC  pipe  lined  drain  holes  were  installed  15  feet  deep, 
angled  5°  upward,  on  a  12-by-12  feet  pattern.  Strip  drains 
were  installed  as  needed  to  drain  joints  which  intersected  the 
slope  face. 

7.9  Instrumentation.  Load  cells  L4US,  L5US,  and  L16US 
were  installed  with  a  lock-off  load  of  about  25  kips.  L4US  and 
L5US  showed  gradual  increases  and  leveled  off  at  30  to  34  kips. 
L16US  showed  a  gradual  decrease  and  leveled  off  at  19  kips. 
Graphs  of  load  cell  readings  are  included  in  Appendix  I,  PLATES 
1-24  through  1-31. 

7.10  Foundation  Approval  and  Mapping.  Immediately  after 
exposure,  portal  slopes  were  inspected  and  additional  scaling 
and  rock  bolting  was  done  if  necessary.  Slopes  were  mapped 
before  wire  mesh  shotcrete  reinforcement  was  installed. 
Foundation  approval  was  given  after  final  cleanup,  immediately 
before  shotcrete  application.  Geologic  maps  of  the  upstream 
portal  slopes  are  included  on  PLATES  C-19  through  C-23. 

7.11  _ Possible  Future  Problems  and  Recommended 

Observations .  As  has  already  occurred  at  the  downstream 
portal,  freezing  of  drain  holes  could  lead  to  shotcrete 
cracking . 
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8.1  Excavation  Grades  -  Design  and  As-Built.  Each  of  the 
four  tunnels  is  an  inverted  "U"  shape,  34  feet  wide  and  32  feet 
high.  An  over-excavation  tolerance  of  six-inches  outside  the 
"B"  line  was  allowed.  When  surveys  indicated  that  an  area  had 
been  undercut,  it  was  trimmed  with  a  roadheader.  Overcut  areas 
were  filled  with  shotcrete  to  within  the  six-inch  tolerance. 

The  tunnels  range  from  1836  to  2059  feet  and  average  1941.5 
feet  in  length.  Having  a  uniform  grade  of  one  foot  vertically 
in  162.5  feet  horizontally,  the  tunnels  slope  about  12  feet 
from  upstream  to  downstream. 

8.2  Overburden  Excavation.  All  overburden  was  removed 
during  development  of  the  tunnel  portals. 

8 . 3  _ Rock  Excavation-Top  Headings.  To  minimize 

disturbance  of  rock  d.n  the  tunnel  crown,  specifications 
required  that  the  top  heading  be  excavated  by  a  roadheader. 
The  top  heading  consisted  of  the  semi-circular  area  above  the 
tunnel  spring  line  and  two  feet  below  spring  line  for  the  Dosco 
roadheader,  and  four  feet  below  spring  line  for  the  Paurat 
roadheader.  The  Dosco  roadheader  excavated  a  total  of  32,841 
cubic  yards  and  the  Paurat  a  total  of  132,329  cubic  yards  of 
rock  from  the  top  headings  of  the  tunnels. 

8.3.1  Dates.  Roadheader  excavation  of  the  top 
headings  began  on  4  September  1990  and  was  completed  on  23 
March  1992.  The  chart  "Tunnel  Excavation  Methods  and  Dates"  on 
page  65  summarizes  the  dates  of  all  excavation  activities  in 
the  tunnels. 

8.3.2  Methods  and  Equipment.  The  tunnels  were 
driven  from  the  downstream  end  up  slope  to  ensure  that  water 
would  drain  away  from  the  face.  An  electrical  substation  to 
supply  power  to  the  roadheaders  was  established  at  about 
elevation  1230,  on  the  backslope  above  tunnel  4. 

The  contractor  selected  the  size  and  type  of  roadheader  based 
upon  rock  test  data  provided  in  the  specifications,  roadheader 
manufacturers  recommendations,  production  rates,  and  scheduling 
requirements  among  other  factors.  A  120-ton  Paurat  E-242-B  and 
an  83 -ton  Dosco  Mk3  roadheader  were  used  for  excavating  the  top 
heading  and  trimming  the  sides  of  the  bottom  headings.  During 
the  time  that  both  roadheaders  were  in  use  excavating  the  top 
headings,  September  1990  through  August  1991,  the  larger  Paurat 
outperformed  the  Dosco  by  about  2.7  to  1  in  total  cubic  yards 
of  rock  excavated.  Because  of  excessive  downtime  the  Dosco 
roadheader  was  removed  from  top  heading  excavation  1490  feet 
into  tunnel  2 .  The  Paurat  completed  the  remainder  of  the  top 
headings,  and  the  Dosco  was  used  only  in  trimming  the  bottom 
headings  to  finish  grade. 
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Roadheader  specifications  are  shown  on  the  following  chart. 


Roadheader  Data 

Manufacturer 

Dosco 

Paurat 

Model  No. 

MK3 

E  242B 

Weight 

83  metric  tons 
(91.5  short  tons) 

120  metric  tons 
(132  short  tons) 

Length 

12.2  meters 
(40  ft) 

16 . 6  meters 
(54.4  ft) 

Height  (Main  Body) 

2.95  meters 
(9.7  ft) 

3 . 94  meters 
(12.9  ft) 

Max.  Cutting  Height 

6.1  meters 
(20  ft) 

7 . 5  meters 
(24.6  ft) 

Utilized  Cutting 

Height  (Approx) 

5.8  meters 
(19  ft) 

6.4  meters 
(21  ft) 

Max.  Cutting  Width 

7.2  meters 
(23.6  ft) 

8 . 9  meters 
(29.2  ft) 

Cutter  Motor  Size 

276  kW 
(370  hp) 

300  kW 
(402  hp) 

Max .  Torque  at 

Cutting  Head 

49.6  kNm 
(36,586  ft  lb) 

132.4  kNm 
(97,653  ft  lb) 

8.3.3  Roadheader  Excavation  Rates.  In  calculating 
roadheader  excavation  rates,  if  a  roadheader  was  in  use  for  any 
part  of  a  day,  it  was  considered  as  a  full  operating  day  with 
no  adjustment  for  rock  bolting  time,  shotcrete  time,  or 
equipment  downtime.  Actual  excavation  rates  would  be  slightly 
higher  than  indicated. 

8. 3. 3.1  Dosco  Excavation  Rates.  The  Dosco 
roadheader  worked  207  days  (4010  hours)  during  the  period  from 
4  September  1990  to  15  August  1991,  excavating  a  total  of 
32,841  cubic  yards  of  rock. 

32,841  CY  /  4010  hours  =  8.19  CY  /  hour 
Assuming  full  utilization  of  the  370  horsepower  cutter  motor: 

8.19  CY  /  hour  =  0.022  CY  /  hour  /  hp 
3  70  Hp 
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8 .3. 3. 2  Paurat  Excavation  Rates.  The  Paurat 
roadheader  worked  348  days  (6820  hours)  during  the  period  from 
4  September  1990  to  23  March  1992,  excavating  a  total  of 
132,329  cubic  yards  of  rock. 

132,329  CY  /  6820  hours  =  19.40  CY  /  hour 
Assuming  full  utilization  of  the  402  horsepower  cutter  motor: 

19.40  CY  /  hour  =  0.048  CY  /  hour  /  hp 
402  Hp 

8.3.4  Roadheader  Performance  Graphs  and  Chart. 
Roadheader  performance  graphs,  which  illustrate  daily  and 
monthly  excavation  data,  are  shown  below. 


Roadheader  Performance 

Monthly  Excavation 
Top  Headings 


Cf 


Started  2od  Shift  I  October  1990 


Completed  Top  He«diD(a  23  March  199.1 
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Cubic  Meters  a  Cubic  Meters 


Dosco  Roadheader 

Average  Daily  Excavation 
Top  Headings 


Including 

Downtime 


Excluding 

Downtime 


2nd  Shift  1  October  1990. 


Paurat  Roadheader 

Average  Daily  Excavation 
Top  Headings 


Including 

Downtime 

Excluding 

Downtime 


V) 

•V 

u 

0 

>• 

2 

s 

u 


Storied  2Dd  Shift  1  October  1990. 


Completed  Top  Beodiote  23  Morcb  1992 
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The  total  linear  feet  of  tunnel  and  cubic  yards  excavated  by 
each  machine  are  shown  on  the  following  chart. 


Roadheader  Excavation 
Top  Headings 


Dosco  Model  Mk3 

Paurat  Model  E242B 

Month 

Linear 

Feet 

Cubic 

Yards 

CY/hp 

Linear 

Feet 

Cubic 

Yards 

CY/hp 

Sept  (90) 

84 

1,624 

4.4 

103 

2,250 

5.6 

Oct 

131 

6.8 

346 

7,557 

18 . 8 

Nov 

101 

1,952 

5.3 

385 

8,408 

20 . 9 

Dec 

148 

2,861 

7.7 

188 

4,106 

10 . 2 

Jan  (91) 

218 

4 , 214 

11.4 

444 

9,697 

24 . 1 

Feb 

194 

3 , 750 

10.1 

366 

7,993 

19.9 

Mar 

78 

1,508 

4 . 1 

222 

4,848 

12 . 1 

Apr 

201 

3,885 

10 . 5 

503 

10,986 

May 

112 

2,165 

5.9 

407 

8,889 

22 . 1 

Jun 

199 

3,847 

10.4 

388 

8,474 

21 . 1 

Jul 

159 

3,073 

8.3 

421 

9,195 

22 . 9 

Aug 

74 

1,430 

3.9 

247 

5,394 

13.4 

Sep 

-- 

— 

308 

6,727 

16.7 

Oct 

-- 

— 

-- 

237 

5, 176 

12 . 9 

Nov 

-- 

— 

-- 

306 

6,683 

16 . 6 

Dec 

-- 

— 

-- 

117 

2,555 

Jan  (92) 

— 

-- 

282 

6,159 

15 . 3 

Feb 

-- 

430 

9,391 

23.4 

Mar 

-- 

-- 

359 

7,841 

19.5 

TOTALS 

32,841 

-- 

6, 059 

132,329 

— 
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8.3.5  Pick  Consumption.  Most  of  the  picks  used  were 
manufactured  by  Kennemetal,  Inc.  Experiments  with  a  longer 
pick  manufactured  by  American  GTE,  Inc.  proved  unsuccessful. 
While  the  longer  pick  cut  more  rock  per  operating  hour,  the 
added  leverage  with  the  longer  pick  caused  damage  to  the  bit 
block.  In  addition,  the  carbide  cutting  elements  were 
frequently  damaged.  Any  gains  realized  from  use  of  the  longer 
picks  were  offset  by  longer  periods  of  downtime  and  fewer 
operating  hours.  The  experiment  was  abandoned  and  the  use  of 
shorter  picks  resumed. 

Picks  located  at  the  tip  and  back  of  the  cutting  head  received 
the  most  wear  and  were  the  most  frequently  replaced.  At  times 
the  contractor  replaced  completely  worn  out  picks  with  used, 
but  less  worn,  picks  and  this  made  pick  usage  rates  difficult 
to  determine.  A  pick  usage  rate,  believed  to  be  indicative  of 
overall  rates,  was  recorded  in  February  1992  when  the  Paurat 
roadheader  used  301  picks  in  excavating  9,391  cubic  yards  (430 
linear  feet)  of  rock.  This  equals  31.2  cubic  yards  of  rock 
excavated  per  pick. 

It  was  anticipated  that,  when  excavating  through  the  beds  of 
hard  very- f ine -grained  sandstone,  the  roadheader  operator  would 
"sump-in"  above  and  below  the  bed  and  then  break  off  the  hard 
layers.  In  practice  this  was  not  often  done.  To  avoid  having 
to  back-up  the  roadheader,  the  operator  cut  "head-on"  into  the 
hard  beds.  This  resulted  in  increased  wear  on  the  picks  and 
increased  the  pick  usage  rates. 

8.3.6  Construction  Summary.  The  downstream  portal 
face  was  prepared  to  begin  roadheader  excavation  by  painting 
the  17-feet  radius  of  the  B-line.  Crown  bolts,  16  feet  long 
No.  8  bolts,  were  then  installed  as  shown  on  Plate  B-15. 
Following  crown  bolt  installation,  the  typical  sequence  of 
operations  for  the  top  headings  was: 

1.  Advance  roadheader  five  feet  to  establish  tunnel  brow 

2 .  Remove  loose  rock 

3 .  Conduct  initial  profile  and  X-section  mapping 

4 .  Trim  with  roadheader  if  necessary 

5 .  Remove  loose  rock 

6 .  Install  rock  bolts 

7.  Install  instrumentation,  if  required 

8.  Conduct  final  profile  and  X-section  mapping  for  "as-built" 

documentation 

9.  Wash  rock  surfaces 

10.  Perform  geologic  mapping 

11.  Apply  shotcrete 

The  above  procedure  was  repeated  until  10  to  25  feet  of  heading 
and  a  safe  working  area  had  been  established,  after  which  time 
the  heading  was  advanced  in  increments  of  about  25  feet. 

Following  the  completion  of  the  first  100  feet  of  top  heading 
the  ventilation,  electric  power,  and  lighting  were  installed. 
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The  laser  alignment  system  was  also  installed  to  provide  line 
and  grade  control  for  roadheader  operation. 

The  roadheader  automatic  guidance  system  was  never  operative  on 
this  project.  Control  of  top  heading  excavation  was  maintained 
using  five  to  seven  lasers,  mounted  one  foot  inside  the  tunnel 
B-line,  to  assist  with  the  manual  operation  of  the  roadheader. 

Upon  completion  of  the  first  100  linear  feet  of  tunnel,  normal 
shift  work  was  initiated  for  the  various  activities;  two  10- 
hour  production  shifts  per  day.  Normal  hours  of  activity  were 
from  0700  to  1730  hours  for  the  day  shift,  and  from  1900  to 
0530  hours  for  the  night  shift,  with  scheduled  maintenance 
between  shifts. 

The  original  excavation  plan  provided  for  roadheader  excavation 
and  rock  bolt  installation  during  both  shifts,  and  the 
application  of  shotcrete  during  the  day  shift  only.  The 
general  procedure  which  gradually  evolved  was  to  rock  bolt  once 
each  day,  at  the  end  of  the  night  shift  or  the  beginning  of  the 
day  shift .  This  met  the  contract  criteria  for  installing  bolts 
without  post-tensioning,  and  also  kept  the  roadheader  operator 
under  a  bolted  roof  at  all  times. 

8.3.7  Disposition  and  Processing  of  Materials. 
Roadheader  cuttings  were  disposed  of  at  the  L-11  disposal  area 
and  the  new  Harlan  High  School  site,  or  were  utilized  as  fill 
for  the  Hwy  72  bridge  abutment,  the  Hwy  38  road  subgrade,  or 
the  diversion  embankment.  The  only  processing  necessary  was 
moisture  control,  allowing  the  material  to  air  dry  after 
rainfall  before  continuing  the  placement  of  compacted  fill. 

8.4  Rock  Excavation-Bottom  Headings. 

8.4.1  Dates .  Bottom  heading  excavation  began  on  13 
April  1991  and  was  completed  on  26  June  1992.  The  chart 
"Tunnel  Excavation  Methods  and  Dates"  on  page  65  summarizes  the 
dates  of  all  excavation  activities  in  the  tunnels. 

8.4.2  Methods  and  Equipment .  The  contractor  was 
allowed  to  choose  the  method  of  bottom  heading  excavation, 
subject  to  the  approval  of  the  Contracting  Officer.  To  prevent 
blast  damage  to  the  downstream  portal  corners,  the  outermost 
few  feet  of  each  bottom  heading  was  excavated  with  a 
roadheader.  The  remainder  of  the  bottom  heading  was  blasted. 
Ingersoll  Rand  ECM  350  air-track  drills  were  used  to  drill  the 
blast  holes.  A  side-dump  endloader  loaded  muck  onto  16 -cubic 
yard  dump  trucks  for  transport  to  stockpile  or  disposal  areas, 
or  directly  to  placement  as  fill  in  the  diversion  embankment. 

About  two  feet  of  rock  was  left  along  the  sidewalls  which  was 
later  trimmed  to  final  grade  with  a  roadheader.  Where 
necessary,  the  tunnel  floors  were  also  trimmed  with  a  hoe  ram 
or  a  roadheader. 
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Bottom  heading  construction  normally  followed  this  sequence: 

1.  Excavate  outermost  few  feet  with  roadheader 

2.  Drill  and  blast 

3.  Remove  muck  with  end- loader  and  trucks 

4.  Trim  sides  with  roadheader 

5.  Conduct  initial  cross-section  survey 

6.  Complete  additional  trimming  if  necessary 

7.  Conduct  final  cross-section  surveys  for  "as-built" 

documentation 

8 .  Wash  rock  surfaces 

9 .  Complete  geologic  mapping 

10.  Apply  shotcrete 

11.  Prepare  invert  for  concrete  slab  placement  (trim  with 

roadheader  or  hoe  ram  if  necessary,  install 

reinforcement  and  anchor  bars,  place  concrete) 

8.4.3  Blasting.  Bottom  bench  blasting  began  at  the 
downstream  end  of  a  tunnel  upon  completion  of  the  top  heading. 
Test  blasting  was  performed  under  the  direction  of  Michael  Muth 
of  Blasting  Consultants  Inc.,  Lyndon,  Kentucky.  Results  were 
evaluated  to  establish  a  general  plan  for  all  subsequent  tunnel 
blasting  operations.  A  total  of  about  100,000  cubic  yards  of 
rock  were  excavated  by  blasting  in  the  bottom  headings. 

Blast  holes  were  2M-inches  in  diameter.  Holes  were  drilled  on 
a  five-by-five  feet  square  pattern  with  no  hole  closer  than 
three  feet  to  the  finished  excavation  limit.  Blast  holes  were 
10  to  12  feet  deep  with  4^  to  5  feet  of  No.  8  crushed  gravel 
stemming. 

Wet  holes  v.’“re  loaded  with  2  by  16-inch  Iremite  42  emulsion 
slurry  cartridges.  Dry  holes  were  loaded  with  ANFO.  Due  to 
water  remaining  in  the  tunnel  from  construction  of  the  top 
heading  and  to  surface  runoff  entering  the  tunnels  from  the 
upstream  portal  areas,  few  blasts  were  dry  enough  to  allow  the 
use  of  ANFC. 

Blast  holes  were  primed  with  2  x  8-inch  cartridges  of  Iremite 
42  cap-sensitive  emulsion  with  a  detonation  velocity  of  17,000 
feet  per  second.  Blast  holes  were  charged  with  Primadet  Nonel 
non-electric  detonators.  The  shock  tubes  on  the  detonators 
were  hooked  up  to  a  trunkline  of  25  grain  E-Cord  and  initiated 
with  a  non-electric  device. 

The  contractor's  original  blasting  plan  submittal  called  for 
six  row  blasts.  To  allow  for  evaluation  of  blasting  results, 
a  test  program  was  initiated.  The  first  blasts  contained  only 
two  rows,  with  blasts  gradually  increasing  in  size  up  to  six 
rows.  A  seismograph  was  set  up  to  monitor  peak  particle 
velocities  at  the  closest  house  on  Ivy  Hill.  The  heaviest  load 
used  was  a  six  row  blast  with  37  pounds  of  explosives  per 
delay,  which  produced  good  breakage  and  registered  a  maximum 
peak  particle  velocity  of  only  0.18  inches  per  second  measured 
195  feet  away. 
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with  the  good  results  obtained  by  the  first  nine  blasts,  the 
contractor  requested  approval  to  make  larger  blasts,  up  to  ten 
rows  into  a  muck  pile.  Blast  No.  10  in  tunnel  1  began  another 
test  program  to  show  that  this  could  be  done  without  producing 
excessive  vibration  and  damage  to  the  tunnel  walls.  Recorded 
■peak  particle  velocities  are  dependent  upon  the  distance  from 
the  blast  to  the  seismograph  and  the  pounds  of  explosives  per 
delay  period.  In  designing  the  blasts,  the  goal  was  to  keep 
velocities  low  by  minimizing  the  pounds  of  explosives  per  delay 
period.  To  obtain  comparable  results  a  seismograph  was  set  up 
at  relatively  constant  distances,  45  to  65  feet,  in  tunnel  2. 

Through  the  test  program  it  was  demonstrated  that  ten  row 
blasts  containing  up  to  42  pounds  of  explosives  per  delay 
period  could  be  used  without  damage  to  the  tunnels.  The 
maximum  peak  particle  velocity  recorded  was  2.95  inches  per 
second  at  a  distance  of  55  feet  from  the  blast.  Seismograph 
readings  indicated  that  the  vertical  vibration  component  was 
usually  the  largest  for  any  given  blast,  while  the  transverse 
vibration  was  usually  the  smallest.  There  was  no  damage  to 
shotcrete  observed  on  any  tunnel  or  surface  exposures. 

The  remaining  tunnel  blasting  plan  used  eight  and  nine  rows  of 
holes  with  a  maximum  of  36  pounds  of  explosives  per  delay 
period.  Cubic  yards  per  blast  ranged  from  450  to  533.  Powder 
factors  ranged  from  1.01  to  1.08  pounds  per  cubic  yard.  After 
a  good  sequence  of  operation  had  been  established,  two  or  three 
blasts  were  fired  each  working  day. 

Depths  of  blast  holes  varied.  In  tunnel  1  blast  holes  were 
drilled  to  two  feet  above  finish  grade.  The  portion  of  tunnel 
2  which  was  excavated  by  the  Dosco  roadheader,  from  station 
10+48  to  25+38,  was  left  four  feet  above  finish  grade  because 
the  contractor  failed  to  take  the  Dosco 's  shallower  cut  into 
consideration  and  drilled  blast  holes  the  same  depth  as  in 
tunnel  1.  This  left  four  feet  of  rock  above  invert  level  which 
was  trimmed  with  a  hoe  ram.  Tunnel  3  blast  holes  were  drilled 
to  two  feet  above  finish  grade.  Tunnel  4  blast  holes  were 
drilled  to  finish  grade  to  reduce  final  trimming  requirements. 

A  typical  tunnel  blasting  plan  is  shown  on  page  56. 

8.4.4  Disposition  of  Excavated  Materials.  All 
blasts  larger  than  two  rows  produced  good  breakage  and  the  shot 
rock  was  used  as  fill  material  for  the  Hwy  38  subgrade  and  the 
diversion  embankment.  Excess  material  was  hauled  to  disposal 
area  L-11  and  the  Harlan  High  School  site. 

8.5  Foundation  Preparation.  Foundation  preparation  in 
the  tunnels  consisted  of  removing  loose  rock,  installing  rock 
bolt  reinforcement  (top  headings) ,  and  washing  the  rock  surface 
immediately  prior  to  shotcrete  and  floor  slab  application. 
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8.6  Rock  Reinforcement. 


8.6.1  Crown  Bolts.  Two  rows  of  16 -feet -long  crown 
bolts  were  installed  from  the  downstream  portal  face,  before 
roadheader  excavation  began.  Upstream  portal  crown  bolts  were 
installed  after  roadheader  trimming  of  the  bell  mouths.  Crown 
bolts  were  No.  8,  epoxy-coated,  Dywidag  bars  grouted  with 
Lokset  resin.  Crown  bolt  locations  and  details  are  shown  on 
PLATE  B-12 
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8.6.2  Rock  Bolts .  The  tunnels  top  headings  were 
reinforced  with  12-feet  long  rock  bolts  installed  on  a  six-by- 
six  feet  pattern  (six  feet  between  rows  of  bolts  and  six  feet 
between  bolts  within  each  row)  as  shown  on  PLATE  D-6.  Holes 
were  drilled  and  the  bolts  installed  by  a  Tamrock  auto  rock 
bolt  machine  equipped  with  hydraulic  hammer.  The  automatic 
resin  cartridge  insertion  system  on  the  rock  bolt  machine  did 
not  work  as  intended  and  resin  cartridges  had  to  be  inserted 
manually  by  a  laborer  working  from  an  elevated  work  platform. 
Resin  cartridges  were  held  in  place  in  the  nearly  vertical 
holes  by  square  plastic  clips  placed  on  each  cartridge. 

Bolt  installation  was  normally  accomplished  within  the  time  and 
distance  limitations  specified,  within  20  feet  of  the  advancing 
face  and  within  24  hours  of  exposure,  so  that  stressing  of  the 
bolts  was  not  necessary.  Each  row  of  seven  roof  bolts 
typically  took  about  30  minutes  to  install.  Bolts  which  were 
installed  outside  these  time  and  distance  requirements  were 
stressed  to  22  kips,  which  approximately  doubled  the 
installation  time. 


8. 6 .2.1  Rock  Bolt  Testing.  Specifications 
required  two  types  of  rock  bolt  testing.  Pull-out  tests  were 
conducted  early  in  the  bolting  program  to  check  the  strength  of 
the  anchorage  system  and  insure  the  adequacy  of  bolting 
procedures.  Load  cells  were  installed  to  monitor  long  term 
performance  on  ten  tunnel  bolts.  See  Section  8.9.1, 
"Instrumentation",  for  discussion  of  load  cells. 

Five  tunnel  bolts  were  pull  tested  to  a  maximum  load  of  42 
kips.  The  tensioning  jack  was  calibrated  against  a  load  cell 
before  each  test.  All  tests  were  conducted  in  hard, 
unweathered,  siltstone  using  twelve  feet  long,  No.  7,  grade  60 
bolts.  Bolt  elongation  was  measured,  where  recorded,  using  a 
hand  held  scale.  Drill  hole  diameters  were  inches.  Only 
fast-set  anchor  zone  cartridges  were  used.  Two  different  sized 
resin  cartridges  were  used:  I’A- inches  diameter  by  12 -inches 
long,  and  I’A- inches  by  26 -inches  long.  Bond  and  stress  lengths 
shown  below  are  calculated  based  on  the  observed  yield  of  12 
inches  of  bolt  encapsulation  per  12-inch  resin  cartridge. 

At  the  time  of  pull-out  test  T-3,  on  30  November  1990,  low 
temperatures  had  begun  to  cause  excessively  long  gel  times  for 
the  H-90  fast  set  resin.  Some  tunnel  roof  bolts  actually 
slipped  back  out  of  the  hole  because  the  resin  was  not  gelling 
quickly  enough.  Replacement  bolts  were  installed  at  the 
contractor's  expense.  The  contractor  elected  to  change  to  H-35 
fast  set  resin  which  has  a  much  faster  gel  time.  Test  T-3  was 
intended  to  be  the  first  bolt  tested  using  the  newly  acquired 
H-35  resin.  The  bolt  failed  in  the  bond  zone,  pulling  out  2.4 
inches  (the  limit  of  the  jack  ram)  with  little  resistance. 
After  testing  it  was  determined  that  some  of  the  left  over  H-90 
resin  had  been  placed  into  an  H-35  box.  The  resin  had  not 
gelled  when  pull  tested  five  minutes  after  installation. 
Because  of  this  error,  test  T3-A  was  conducted. 
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Tunnel  Bolt  Pull-Out  Tests 


Test  Bond  Stress  Jack  Stress  Strain  Remarks 
No.  Length  Length _ PSI  (Kios) _ ( In  .  ) _ 


T-1 

24 

in . 

88 

in . 

— 

10 

— 

No  failure. 

— 

20 

— 

— 

J  U 

40 

_ 

— 

42 

— 

T-2 

12 

in . 

100 

in . 

— 

10 

0.40 

Vert .  roof 

— 

20 

— 

bolt,  failed 

at  20  kips 

due  to  lack 

of  resin  con¬ 

finement 

T-3 

26 

in . 

110 

in . 

— 

— 

Bond  zone 

failed,  resin 

not  gelled 

T-3A 

26 

in . 

110 

in . 

1800 

10 

0 . 10 

Failed  at  42 

3050 

20 

0.20 

kips 

4500 

30 

0.30 

6000 

40 

0.50 

— 

42 

-  -  -  - 

T-4 

26 

in . 

110 

in . 

1700 

10 

0 . 05 

No  failure 

2900 

20 

0 . 15 

4300 

30 

0.30 

5900 

42 

0 . 55 

T-5 

26 

in . 

110 

in . 

500 

10 

0 . 13 

Failed  at  32 

2050 

20 

0.25 

kips 

2400 

22 

0.30 

3300 

30 

0.50 

The  lowest  legitimate  pull-out  force  recorded  occurred  in  test 
T-5,  which  failed  at  32  kips  with  a  26 -inch  bond  zone.  Tunnel 
bolts  were  installed  with  a  minimum  36 -inch  bond  zone  and  none 
of  the  bolts  which  required  stressing  failed  during  stressing 
to  the  specified  22  kips.  Most  tunnel  bolts  were  installed 
within  specified  time  and  distance  requirements,  so  that 
stressing  was  not  necessary. 

8.7  Rock  Protection.  Shotcreting  of  finished  tunnel 
surfaces  was  required  within  seven  days  of  exposure.  A 
remotely  controlled  Finn  "Robocon"  ES-1000,  mobile  shotcrete 
rig  was  used  for  shotcrete  application  on  all  tunnel  rock 
surfaces.  A  four-inch  minimum  thickness  of  steel-fiber- 
reinforced  shotcrete  was  applied,  sometimes  in  one  application, 
and  sometimes  in  two  separate  applications.  The  shotcrete  was 
cored  at  regular  intervals  for  testing  purposes,  and  these 
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cores  usually  indicated  actual  shotcrete  thickness  of  five  to 
six  inches.  Over-cut  areas  were  backfilled  with  shotcrete  to 
within  the  allowable  six- inch  tolerance.  Shotcrete  was  usually 
scheduled  to  be  applied  once  each  week,  early  on  Saturday 
morning,  though  roadheader  downtime  often  allowed  more  frequent 
application . 

The  floor  of  the  completed  tunnels  is  protected  by  a  minimum 
eight -inches- thick  concrete  slab.  Due  to  over- trimming  by  the 
roadheaders  and  hoe  rams,  the  slab  ranges  from  eight-inches  up 
to  about  two  feet,  and  averages  about  one  foot  in  thickness. 
The  floor  slab  is  reinforced  with  No.  5  reinforcing  bars  spaced 
on  18 -inch  centers.  The  slab  is  anchored  by  No.  6  bars  grouted 
two- feet  into  rock  and  placed  on  seven  feet  spacing.  No  drain 
holes  were  installed.  Details  of  floor  slab  reinforcement  are 
shown  on  PLATE  C-13. 

8.7.1  Shotcrete  Mix  Designs.  Different  mix  designs 
were  developed  for  overhead  and  side-wall  applications.  The 
most  significant  difference  was  the  use  of  microsilica  in 
overhead  locations.  Tunnel  shotcrete  mix  design  work  sheets 
are  shown  below. 
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Bottom  Headings 
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8.7.2  Shotcrete  Problems.  The  fall-out  of  wet 
shotcrete  from  the  tunnel  crown  presented  a  safety  hazard  and 
resulted  in  much  wasted  shotcrete.  The  contractor  brought  in 
several  consultants  in  an  effort  to  solve  this  problem. 
Changes  suggested  by  representatives  of  product  manufacturers 
and  the  American  Concrete  Institute  did  not  produce  significant 
improvement . 

Shotcrete  consultant  Mr.  Neil  McAskill  of  HBT  AGRA  Limited  in 
Burnaby,  British  Columbia  visited  the  project  to  observe  the 
entire  shotcrete  operation  and  try  to  determine  the  cause  of 
shotcrete  fallout.  Tests  indicated  that  the  initial  set  was 
taking  as  long  as  one  hour  and  15  minutes.  One  of  Mr. 
McAskill 's  suggestions  was  to  change  accelerators.  The 
contractor  switched  from  Accela-Set  II  Liquid  to  QSL-100.  With 
QSL-100  the  shotcrete  began  to  take  it  j  initial  set  in  10  to 
15  minutes.  Shotcrete  was  applied  in  two-inch  layers,  waiting 
about  fifteen  minutes  between  applica*- Ions .  These  changes 
greatly  reduced  fall-out  and  produced  a  smoother  finished 
shotcrete  surface. 

8 . 8 _ Water  Occurrence  and  Drainage  Provisions. 

Groundwater  occurrence  was  limited  to  small  seep.=  from  joints 
and  bedding  planes,  and  to  intermittent  flows  through  fractures 
in  response  to  rainfall.  Most  of  the  water  encountered  in  the 
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tunnels  was  a  by-product  of  construction  activities  -  dust 
control  sprays  on  the  roadheaders  and  washing  of  rock  surfaces 
before  shotcrete  application.  Surface  runoff  entered  the 
tunnels  from  the  upstream  portal  area  and  was  allowed  to  flow 
to  the  downstream  portals  where  it  was  directed  to  a  sediment 
■pond.  When  necessary  to  comply  with  state  regulations,  water 
was  treated  to  remove  suspended  solids  before  being  pumped  into 
Clover  Fork. 

Water  pressure  tests  conducted  during  tunnel  design  showed 
little  or  no  take  in  the  tunnel  zones.  No  significant 
groundwater  flows  were  anticipated  and  none  were  encountered 
during  construction. 

8 . 9  Instrumentation .  The  Corps  of  Engineers  installed 
eight  multiple-position  borehole  extensometers  (MPBX's)  and  an 
observation  well  (OW)  on  Ivy  Hill  above  the  tunnels  before 
construction  began.  The  contractor  installed  single-position 
borehole  extensometers  (SPBX's),  tape  extensometer  (TX)  anchor 
points,  and  load  cells.  Some  of  the  instruments  were  grouped 
in  the  following  arrays,  at  five  locations  in  the  first  1,000 
feet  of  tunneling: 

1.  Two  rock  bolt  load  cells  (one  in  the  crown  and  one  in 
the  haunch) . 

2.  Four  TX  anchor  points  (one  at  each  side  of  the  tunnel 
at  spring  line  and  two  in  the  haunch) .  One  of  these 
arrays  coincided  with  the  location  of  MPBX-8.  TX  anchor 
points  were  also  installed  at  the  other  MPBX  locations, 
and  at  six  other  selected  locations. 

3.  Six  SPBX's,  two  each  in  lengths  of  one  foot,  five 
feet,  and  ten  feet  (three  in  the  crown  and  three  in  the 
haunch) . 


Instrument  Array  Locations 


Array 

Tunnel 

Station 

Array  Tunnel 

Station 

A 

1 

10  +  77 

o 

3 

22  +  11 

B 

1 

13+67 

K 

3 

11  +  36 

C 

1 

15  +  98 

L 

2 

26  +  52 

D 

2 

11  +  26 

M 

4 

13+82 

E 

1 

18  +  68 

N 

4 

15  +  97 

F 

2 

15+33 

0 

4 

19  +  23 

G 

1 

25  +  55 

P 

4 

23  +  96 

H 

1 

9  +  95 

Q 

4 

27  +  37 

I 

3 

18  +  23 

R 

4 

29  +  05 

Arrays  A  through  E 

were  full 

instrumentation 

arrays 

with  load 

cells,  SPBX' 

s,  and 

five  point 

TX's.  Arrays  F 

through  R  had  3- 

point  TX's  only.  Tunnel  instrumentation  details  are  included 
in  Appendix  I . 

8.9.1  Load  Cells.  Fifty-ton  capacity  electrical 
resistance  strain  gage  type  load  cells,  manufactured  by  Slope 
Indicator  Company,  were  installed  on  ten  tunnel  bolts  to 

Tunnels.  61 


•  •  •  • 


monitor  long  term  performance  of  the  bolt  anchorage  system  and 
any  increases  in  load  which  occurred  because  of  volume  changes 
in  the  rock  surrounding  the  tunnels.  Only  the  fast-set  resin 
bond  zone  cartridges  were  used  in  load  cell  installations. 

Load  cells  were  read  immediately  after  installation,  daily  for 
the  first  60  days  after  installation  and  while  tunnel 
excavation  was  within  80  feet  of  the  load  cell,  and  weekly 
thereafter  for  the  duration  of  all  tuiinel  excavation.  Load 
cell  bolts  were  locked  off  at  loads  ranging  from  about  IM  to  6 
kips,  the  load  created  by  tightening  the  nut  with  a  pneumatic 
impact  wrench.  Tunnel  load  cells  indicated  cumulative 
increases  up  to  about  kips  during  their  monitoring  period. 
Upon  completion  of  tunnel  excavation,  load  cells  were  removed, 
the  annular  space  filled  with  cement  grout,  and  the  area 
covered  with  shotcrete. 

Most  of  the  load  cells  performed  very  well  for  the  life 
project.  The  major  problem  was  with  occasional  wet  connections 
which  produced  erroneously  high  readings. 

8.5.2  Multiple-Position  Borehole  Extensometers .  The 
Corps  of  Engineers  installed  eight  multiple-position  borehole 
extensometers,  each  having  five  anchor  points,  to  monitor 
displacement  during  construction.  Installations  were  as  shown 
on  PLATES  I-l  and  1-2. 


The  initial  readings  were  made  before  tunnel  excavation  began. 
Reading  frequency  was  daily  when  tunnel  excavation  was  within 
300  feet  of  the  instrument,  three  times  per  shift  (four  times 
in  a  24  hour  period)  when  tunnel  excavation  was  within  50  feet 
of  the  instrument,  and  weekly  thereafter.  Displacements, 
measured  to  the  thousandth  of  an  inch,  were  graphed  to 
illustrate  changes  from  the  initial  reading.  The  contractor 
was  required  to  provide  immediate  notification  if  displacements 
exceeded  the  following: 


Anchor  Displacement  Displacement  Displacement  Displacement 
No. _ @100% _ @130% _ @  160% _ @190% _ 


6 

5 

4 

3 

2 


0.247  in. 
0.217  in. 
0.177  in. 
0.125  in. 
0.090  in. 


0.321  in. 
0.282  in. 
0.230  in. 
0.162  in. 
0.117  in. 


0.395  in, 
0.347  in. 
0.283  in. 
0.200  in. 
0 . 144  in . 


0.469  in. 
0.412  in. 
0.336  in. 
0.237  in. 
0.171  in. 


The  MPBX's  however,  showed  very  little  movement  throughout 
construction,  and  never  exceeded  the  notification  level. 
Readings  generally  remained  stable  as  the  tunnel  headings 
advanced  past  them.  Displacements  ranging  from  -t-0.1  to  -0.09 
inches  were  indicated.  The  lowest  anchors  should  have  shown 
the  greatest  displacements,  though  this  was  not  always  the 
case.  Questionable  data  is  indicated  when  higher  anchors  show 
more  displacement  than  lower  ones,  and  in  cases  of  negative 
displacement.  MPBX  graphs  are  included  in  Appendix  I,  PLATES 
1-12  through  1-23.  Monitoring  of  MPBX's  was  discontinued  upon 
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completion  of  tunnel  excavation.  The  above  ground  portions 
were  dismantled  in  February  1992. 

8.9.3  Single-Position  Borehole  Extensometers .  in 
each  array,  two  anchors  were  set  at  one  foot,  two  at  five  feet, 
and  two  at  ten  feet  depths.  SPBX's  were  read  immediately  after 
installation,  daily  for  the  first  60  days  and  while  excavation 
was  within  80  feet  of  the  instrument,  and  weekly  thereafter  for 
the  duration  of  all  tunnel  excavation. 


The  contractor  was  required  to  provide  immediate  notification 
if  displacements  exceeded  the  following: 


Anchor 

Embedded 

Displacement 
@  100% 

Displacement 

@130% 

Displacement 

@160% 

Displacement 

@190% 

1  ft. 

0.267  in. 

0.347  in. 

0.427  in. 

0.507  in. 

5  ft. 

0.217  in. 

0.282  in. 

0.347  in. 

0.412  in. 

10  ft . 

0 . 177  in. 

0.230  in. 

0.283  in. 

0.336  in. 

Generally  the  deeper  anchors  should  have  shown  the  greatest 
displacements,  though  this  was  not  always  true.  The  SPBX 
readings  ranged  from  +0.125  to  -0.05  inches  and  never  exceeded 
the  notification  level.  Repeatability  of  the  readings  varied 
by  about  0.005  inches.  Abrupt  changes  and  negative  deflections 
indicate  readings  of  questionable  accuracy.  SPBX  graphs  are 
included  in  Appendix  I,  PLATES  1-41  through  1-48. 

Even  simple  mechanical  instruments  are  subject  to  providing 
questionable  and  erroneous  readings.  Review  of  the 
instrumentation  graphs  indicates  that  the  SPBX  readings  were 
the  most  erratic.  The  fluctuations  shown  on  these  graphs 
probably  reflect  the  degree  of  accuracy  of  the  depth  gauge  used 
to  measure  these  instruments. 

8.9.4  Tape  Extensometers.  Tape  extensometers  were 
read  immediately  after  installation,  weekly  for  the  first  60 
days  and  while  excavation  was  within  80  feet,  and  as  directed 
thereafter.  Measured  TX  deflections  generally  ranged  from 
+.025  to  -.02  feet,  with  no  discernable  pattern  to  the  changes. 
Tape  extensometer  graphs  are  included  in  Appendix  I,  PLATES  I- 
32  through  1-40.  Tape  extensometer  anchors  planned  for 
installation  on  centerline  in  the  crown  of  the  tunnels  were 
relocated,  to  provide  clearance  for  the  60-inch  diameter  tunnel 
ventilation  line. 

8.10  Foundation  Mapping  and  Approval  Process.  All  tunnel 
surfaces  were  inspected  and  mapped  by  a  Corps  of  Engineers 
geologist.  Preliminary  inspections  were  made  immediately  after 
exposure  to  determine  if  additional  rock  bolts  and  drain  holes 
were  needed.  A  geologist  re-inspected  and  mapped  the  rock 
surfaces  after  they  were  washed  and  just  prior  to  shotcrete 
application.  Final  foundation  approval  was  given  before 
shotcrete  was  applied.  Mapping  was  as  described  by  Engineer 
Technical  Letter  No.  1110-1-37,  "Geologic  Mapping  of  Tunnels 
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and  Shafts  by  the  Full  Periphery  Method."  Mylar  base  maps  were 
prepared  in  advance.  Using  a  scale  of  one  inch  equals  ten 
feet,  each  sheet  represents  50  linear  feet  of  tunnel.  Tunnel 
maps  are  included  in  Appendix  D.  • 

8.11 _ Possible  Future  Problems  and  Recommended 

Observations .  The  only  anticipated  problem  is  the  possibility 

of  shotcrete  cracking  near  the  portals.  Very  little  seepage 

was  observed  during  construction.  That  which  did  occur  was 

located  along  bedding  plants  and  joints  near  the  portal  areas.  • 

Since  these  areas  are  more  exposed  to  outside  temperatures, 

some  freezing  and  cracking  of  shotcrete  could  occur. 


TDHHBX.  CXCAVXTZOar 
KEEBODS  AMD  DATES 


Tunnel 

No. 

Heading 

Excavation 

Method 

Station 

_ Dates _ 

From  To 

From 

To 

1 

Top 

Paurat 

9  +  80  -  30.^39 

9-04-90 

3-19-91 

Bottom 

Paurat 

Blasting 

Trimming 

w/Dosco 

9+80  -  10+51 

10+51  -  30+39 

9+80  -  30+39 

4-13-91 

4-29-91 

8-16-91 

4-14-91 

6-20-91 

11-21-91 

2 

Top 

Dosco 

Dos  CO 

Dosco 

Paurat 

10+48  -  10+71 
10+71  -  10+96 
10*96  -  25+38 
25+38  -  30+24 

9-04-90 

9-19-90 

11-12-90 

6-15-91 

9-10-90 

9-22-90 

8- 14-91 

9- 20-91 

Bottom 

Paurat 

Blasting 

Trimming 

w/Dosco 

10+48  -  11+75 
11*75  -  30+24 
11+75  -  30*24 

9-26-91 

10- 02-91 

11- 21-91 

10-01-91 

12-02-91 

2-27-92 

Top 

Doscc 

Doscc 

Paurat 

Paurat 

11+16  -  11+59 
11+59  -  12*20 
12+20  -  14*16 
14+16  -  30+13 

9-25-90 

10-17-90 

4-02-91 

4-15-91 

10-04-90 ! 
10-26-90 
4-13-91 
e-oe-91 

Bottom 

Paurat 

Blasting 

Trimming 

w/Dosco 

11+18  -  11*61 

11*81  -  30+13 

11+81  -  30*13 

8-12-91 

8-19-91 

2-28-92 

6-13-91 

9-25-91 

4-17-92 

4 

Top 

Dosco 

Dosco 

Dosco 

Paurat 

11*69  -  11*91 
11*91  -  12+20 
12*20  -  12*72 
12*72  -  30+05 

9-11-90 

10-05-90 

10-26-90 

10-02-91 

9-17-90 

10- 16-90 

11- 07-90 
3-23-92 

Bottom 

Paurat 

Blasting 

Trimming 

w/Paurat 

11+69  -  11+83 
11+83  -  30*05 
11+69  -  30+05 

3- 31-92 

4- 01-92 

5- 04-92 

- 

3-31-92 

5- 01-92 

6- 26-92 
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9.  Diversion  Structure. 

Located  immediately  adjacent  to  and  downstream  of  the 
upstream  portals,  the  diversion  structure  serves  to  divert 
flows  of  the  Clover  Fork  from  the  natural  river  channel  into 
the  four  tunnels.  With  a  total  length  of  about  710  feet,  the 
structure  is  comprised  of  580  feet  of  embankment  with  a 
slurry  trench  cutoff  along  it's  upstream  toe,  66  feet  of 
concrete  floodwall,  and  a  50-feet-long  closure  structure  at 
the  railroad  crossing.  Under  a  contract  modification,  a 
sheet  pile  seepage  cut-off  installed  at  the  right  abutment. 
This  is  described  in  section  9.2.8.  Construction  of  the 
diversion  embankment,  slurry  trench,  floodwall  and  closure 
structure  are  discussed  individually  in  this  report. 

The  diversion  structure  was  completed  in  two  phases.  The 
floodwall,  railroad  closure  structure,  and  the  embankment  and 
slurry  trench  from  station  7+25  to  station  4+55  were 
constructed  first,  while  the  tunnels  were  being  excavated. 
Phase  1  stopped  at  station  4+55  in  order  to  maintain  an 
eighty  feet  wide  floodway  along  Clover  Fork.  Phase  2,  from 
station  4+55  across  the  river  channel,  was  constructed  after 
Clover  Fork  had  been  diverted  through  the  tunnels. 

9 . 1  Embankment .  Longitudinally,  the  crest  elevation  of 
the  embankment  is  sloped,  from  elevation  1211.8  on  the  right 
abutment  to  elevation  1212.1  at  the  tie-in  with  the 
floodwall.  With  an  average  foundation  elevation  of  1182.0, 
the  embankment  has  an  average  height  of  30  feet.  Embankment 
slopes  are  IV: 3H  for  both  the  upstream  and  downstream  sides, 
and  the  crest  width  is  ten  feet.  The  embankment  was 
constructed  primarily  of  material  from  the  tunnel  excavation. 

The  embankment  was  made  more  seepage  resistant  by  a  covering 
of  40 -mils-thick  PolyFlex  high  density  polyethylene 
geomembrane.  Covering  this  geomembrane  is  a  minimum  two- 
feet-thick  layer  of  fine  (minus  three-inch)  tunnel  cuttings 
and  a  one-foot -thick  layer  of  topsoil.  The  geomembrane  was 
anchored  at  the  bottom  of  the  slurry  trench  on  the  upstream 
side,  extended  up  and  over  the  embankment,  and  was  buried  in 
an  anchor  trench  ten  feet  beyond  the  downstream  toe  of  the 
embankii.cnt . 


9.1.1  Excavation  Grades.  Specifications  required 
at  least  one  foot  of  stripping  below  original  ground  level  in 
the  flood  plain,  and  at  least  three  feet  of  excavation  across 
the  river  channel.  To  remove  unsuitable  material,  an 
additional  m  to  4  feet  of  excavation  was  required  in  the 
flood  plain,  on  the  south  side  of  the  river. 

9.1.2  Engineering  Characteristics  of  Foundation 
Materials .  The  major  portion  of  the  embankment  is  founded 
upon  floodplain  deposits  up  to  approximately  20  feet  thick. 
The  soils  are  mainly  alluvial  silts,  sands,  and  gravels.  The 
alluvium  typically  has  a  very  loose  to  loose,  silty  sand 
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layer  immediately  below  the  surface  that  ranges  from  3.0  to 

10.4  feet  in  thickness,  with  an  average  thickness  of  5.5 
feet.  Below  this  silty  sand  layer  the  soil  grades  to  a  sandy 
gravel  which  ranges  from  7.0  to  9.7  feet  in  thickness.  Below 
this  gravel  layer  lies  the  siltstone  bedrock. 

Preconstruction  drive  sample  investigations  recovered  an 
average  of  2.1  feet  of  siltstone  before  refusal  was  met. 

This  is  indicative  of  the  depth  and  degree  of  weathering  of 
the  bedrock  surface.  PLATES  E-5  and  E-6  present  cross- 
sections  through  the  embankment  foundation  area,  and  include 
boring  logs. 

During  design,  permeabilities  of  the  embankment  and 
foundation  materials  were  assumed  as  shown  below: 


Material 

Embankment 

Silts  and 
Silty  Sands 

Gravel 


Horizontal 
Permeability 
cm/ sec 

1  X  lO"'' 

1  X  10'^ 

1  X  10'2 


Vertical 
Permeability 
cm/ sec 

1  X  10'^ 

1  X  10'^ 

1  X  10‘^ 


A  soil -bentonite  slurry  trench  cutoff,  with  a  specified 
maximum  permeability  of  1  x  10'*  cm/second,  was  installed 
along  the  upstream  toe  of  the  embankment .  Slurry  trench 
construction  is  discussed  in  Section  9.2  of  this  report. 

9.1.3  Drainage  Provisions.  An  eight -inch  diameter 
perforated  polyethylene  pipe  was  installed  along  the 
downstream  toe  of  the  embankment,  sloping  towards  the 
existing  channel.  Mirafi  polypropylene  geotextile  and  Mirafi 
Miradrairi  6000  geocomposite  sheets  were  installed  just 
beneath  the  impervious  geomembrane  on  the  downstream  side  of 
the  embankment.  The  geotextile  and  geocomposite  are  tied 
into  the  downstream  toe  drain. 


9.1.4  Dewatering  Requirements.  The  ground  water 
level  was  about  the  same  as  nearby  Clover  Fork,  elevation 
1172.5.  This  was  about  six  feet  below  the  deepest  excavation 
for  foundation  preparation  and  dewatering  was  not  necessary. 

9.1.5  Embankment  Phase  1  (Station  7-t-2  5  to  4-4-55)  - 

Construction  Summary.  The  Harlan  Gas  Road  was  closed  on  10 
April  1991  to  start  construction  of  the  first  phase  of  the 
diversion  embankment  and  associated  structures.  A  water  line 
relocation  for  the  Black  Mountain  Utility  District  was 
completed  on  3  May.  Topsoil  stripping  and  excavation  of 
unsuitable  foundation  material  began  on  18  April.  Foundation 
soils  were  compacted  and  about  seven  feet  of  embankment  fill 
was  placed  in  building  up  to  the  slurry  trench  working 
surface,  about  elevation  1184.  Construction  of  the  first 
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phase  of  the  slurry  trench  started  on  18  October  and  ended  on 
18  November  1991.  Uninterrupted  placement  of  embankment  fill 
resumed  on  15  January  and  the  first  phase  of  the  embankment 
was  complete  by  the  end  of  March  1992. 

,'Two  relocated  water  lines  owned  by  the  Black  Mountain 
Utilities  District  extend  beneath  the  diversion  dam  in  an 
upstream  to  downstream  direction,  adjacent  and  parallel  to 
the  old  Harlan  Gas  Road.  Water  line  locations  are  shown  on 
Plate  E-12.  The  pipe  trench  was  backfilled  with  two  feet  of 
#8  gravel  and  tunnel  roadheader  cuttings.  Seepage  cutoff  was 
provided  by  a  geomembrane  boot  installed  around  the  pipes  and 
welded  to  a  surrounding  geomembrane  liner,  and  by  the  soil- 
bentonite  slurry  trench  located  along  the  upstream  toe  of  the 
embankment . 

Topsoil  was  stripped  using  a  D8K  dozer.  The  cleaner  topsoil 
was  stockpiled  nearby  for  later  use  on  the  embankment.  The 
more  contaminated  material  was  hauled  to  the  H-2  disposal 
area.  Overexcavation  was  required  to  remove  a  to  4 -feet 
thick  layer  of  unsuitable  organic  material  and  trash  across 
the  entire  embankment  foundation  area  between  Clover  Fork  and 
the  Harlan  Gas  Road.  This  area  was  reportedly  used  as  a  city 
landfill  in  the  past.  After  stripping  the  unsuitable 
material,  the  entire  surface  of  the  embankment  foundation 
area  was  compacted  by  six  passes  of  a  15-ton  vibratory 
roller . 

Rock  excavated  from  the  tunnels,  having  a  maximum  size  of  12- 
inches,  was  used  as  fill  for  construction  of  the  diversion 
embankment.  Shot  rock  from  the  bottom  heading  of  tunnel  1 
was  used  for  the  first  lift.  Subsequent  lifts  utilized  shot 
rock  from  tunnel  1  and  roadheader  cuttings  from  tunnels  2  and 
3.  Rockfill  was  spread  into  one-foot  layers  using  a  D8K 
dozer,  then  compacted  by  six  passes  of  a  15-ton  vibratory 
roller.  Any  oversize  rock  fragments  were  reduced  to  minus 
12 -inches  as  the  material  broke  down  under  the  leveling  and 
compaction  processes.  Tunnel  cuttings  which  could  not  be 
placed  directly  on  the  embankment  were  stockpiled  for  later 
use  . 

Up  to  eight  feet  of  rockfill  was  placed  in  building  up  to 
elevation  1187-1189,  the  working  level  for  slurry  trench 
construction.  The  slurry  trench  working  surface  was 
completed  in  June,  1991.  Fill  placement  was  interrupted  to 
allow  construction  of  the  first  phase  of  the  slurry  trench 
and  work  on  the  railroad  closure  structure. 

Uninterrupted  placement  and  compaction  of  embankment  fill 
resumed  on  15  January,  1992  from  the  north  side  of  the 
railroad  closure  structure  to  station  4+55.  It  was  noted 
that  roadheader  cuttings  pumped  under  equipment  load  if 
placed  too  wet,  behaving  more  like  soil  than  rock.  The  Corps 
of  Engineers  tested  in-place  embankment  fi]l.  Assuming  a 
standard  density  of  167.0  Ibs/ft’  (the  density  of  siltstone). 
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compaction  of  about  82%  was  obtained  with  six  passes  of  the 
vibratory  roller.  Optimum  moisture  content  was  about  5%.  A 
test  data  sheet  which  indicates  densities  obtained  with 
varying  moisture  contents  and  compactive  efforts  is  included 
in  Appendix  E,  PLATE  E-11. 

Moisture  was  controlled  by  placing  only  the  drier  Paurat 
roadheader  cuttings  directly  on  the  emtsankment .  The  wetter 
Dosco  cuttings  were  stockpiled.  Rain  caused  delays  in 
embankment  fill  placement  and  compaction. 

Placement  of  fill  between  the  railroad  closure  structure  and 
embankment  station  4+55  continued  throughout  February.  By 
the  end  of  March  1992,  the  first  section  of  the  diversion 
embankment  had  been  topped  out,  except  for  final  filling 
around  the  closure  structure,  and  plating  with  topsoil  was  in 
progress.  Construction  of  the  remaining  section  of 
embankment  across  Clover  Fork  awaited  completion  of  the 
slurry  trench  which,  in  turn,  was  dependent  upon  diversion  of 
Clover  Fork  through  the  tunnels. 

9.1.6  Embankment  Phase  2  (Station  4+55  to  1+00)  - 

Construction  Summary.  Clover  Fork  was  diverted  through  the 
tunnels  on  21  September,  1992.  The  remainder  of  the 
embankment  foundation  was  stripped,  and  up  to  six  feet  of 
weathered  siltstone  was  removed  in  the  Clover  Fork  channel, 
down  to  elevation  1162-1163.  Embankment  fill  was  then  placed 
up  to  elevation  1186  to  provide  a  working  surface  for 
completion  of  the  slurry  trench.  Phase  2  of  the  slurry 
trench  was  constructed  in  October  1992.  Embankment  fill 
placement  resumed  immediately  thereafter  and  was  completed  in 
December  1992. 

9.1.7  Instrumentation.  No  instrumentation  was 
installed  in  the  diversion  structure. 

9.1.8  Possible  Future  Problems  and  Recommended 
Observations .  Erosion  of  topsoil  and  fill  could  expose  the 
geomembrane,  leading  to  its  deterioration.  Vehicular  traffic 
on  the  embankment  would  aggravate  embankment  erosion 
problems . 

9.2  Slurry  Trench.  To  provide  a  barrier  to  foundation 
seepage,  a  slurry  trench  cutoff  was  constructed  along  the 
upstream  toe  of  the  embankment.  The  trench  extends  downward 
from  the  base  of  the  embankment  and  is  embedded  two  feet  into 
the  siltstone  bedrock.  The  trench  has  vertical  sidewalls  and 
is  a  minimum  of  36 -inches  wide.  An  impervious  getmembrane 
liner  was  installed  on  the  upstream  side  and  the  trench 
filled  with  soil -bentonite  backfill.  The  total  depth  of  the 
slurry  trench  is  about  twenty  feet. 

The  slurry  trench  was  constructed  in  two  phases.  Phase  I 
began  at  station  7+25  near  the  railroad  tracks  and  extended 
toward  the  river  to  station  4+55.  Phase  1  stopped  at  station 
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4+55  in  order  to  maintain  an  eighty-feet-wide  floodway  along 
Clover  Fork.  Phase  2,  from  station  4+55  across  the  river 
channel  to  station  1+65  was  constructed  after  Clover  Fork  had 
been  diverted  through  the  tunnels. 

9.2.1  Construction  Equipment  -  Phase  1.  The  first 
section  of  the  trench  was  excavated  by  a  track  mounted  Link 
Belt  LS-5800  backhoe  equipped  with  a  46-inch  or  a  36-inch 
wide  bucket  which  was  capable  of  excavating  both  the 
overburden  and  bedrock.  This  backhoe  was  also  used  to  lower 
the  geomembrane  sheets  into  the  trench.  A  Caterpillar  D-8 
dozer  excavated  backfill  material  from  it's  borrow  site  and  a 
Caterpillar  950B  rubber  tired  endloader  hauled  it  from  the 
borrow  site  to  the  backfill  mixing  area.  A  Dresser  TD-15C 
dozer  mixed  the  soil -bentonite  backfill  and  pushed  it  into 
the  trench. 


9.2.2  Construction  Equipment  -  Phase  2.  A  Komatsu 
PC300LC  track  mounted  backhoe  was  used  to  excavate  the  second 
phase  of  the  trench.  This  backhoe  was  smaller  and  less 
effective  than  the  Link  Belt  LS-5800  used  during  Phase  1.  A 
Komatsu  D63E-1  dozer  mixed  the  soil -bentonite  backfill  and 
pushed  it  into  the  trench. 

9.2.3  Excavation  Grades  -  Design  and  As-Built. 

The  design  minimum  elevation  of  the  slurry  trench  working 
surface  was  1184  across  the  Clover  Fork  channel,  and  1186 
elsewhere,  as  shown  on  PLATE  E-1.  The  slurry  trench  was 
constructed  below  a  work  surface  ranging  from  elevation 
1187.1  to  1184.8.  PLATE  E-2  shows  as-built  elevations  for 
the  entire  slurry  trench. 

The  slurry  trench  was  constructed  as  designed,  with  the 
following  exceptions: 

1)  The  geomembrane  liner  was  installed  on  the  upstream 
side  of  the  trench. 

2)  A  sheet  pile  seepage  cutoff  was  added  in  the  right 
abutment  area,  from  station  3+80  to  station  0+15.  See 
Section  9.2.8  for  details  of  this  modification. 


9.2.4  Slurry.  To  support  the  walls  of  the  trench 
during  excavation,  the  trench  was  kept  filled  with  a  water- 
bentonite  slurry.  Slurry  was  mixed  in  a  slurry  batch  plant 
to  produce  a  colloidal  suspension  of  bentonite  in  water.  The 
specifications  required  that  water  losses  not  be  greater  than 
20  cubic  centimeters  as  determined  by  API  Test  13A,  Section 
5.  This  criteria  was  used  to  determine  whether  water 
softening  agents  were  needed  in  the  slurry  mixture.  Based 
upon  passing  test  results,  water  softeners  were  not  used. 

9.2.5  Geomembrane  Liner.  A  30-mils-thick  Polyflex 
high  density  polyethylene  geomembrane  liner  was  installed  the 
full  depth  of  the  slurry  trench.  To  seal  the  geomembrane 
around  the  relocated  water  pipes  a  geomembrane  "boot"  was 
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placed  around  the  pipes,  secured  with  a  band  clamp.  The  base 
of  the  boot  was  welded  to  overlapping  sheets  of  geomembrane 
placed  flat  against  the  trench  wall.  Geomembrane 
installation  is  described  in  Sections  9.2.7  and  9.2.8. 

9.2.6  Backfill.  Specifications  for  the  soil- 
bentonite  backfill  required  an  average  permeability  of  no 
greater  than  1  x  10'*  centimeters  per  second,  and  a  bentonite 
content  of  at  least  four  per  cent.  As-built  permeabilities 
were  much  lower  than  required,  ranging  from  3.1  a  10"’  to 

96.1  X  10’’  centimeters  per  second. 

The  contractor's  permeability  testing  was  done  by  Soil 
Testing  Engineers,  Inc.  of  Baton  Rouge,  Louisiana.  The  Corps 
of  Engineers  also  tested  samples  at  it's  Ohio  River  Division 
laboratory.  Backfill  permeability  test  results  are 
summarized  below. 


Trench  Station 

Permeability 

Tested  Bv 

6  +  70 

9.4 

X 

10-’ 

Contractor 

5  +  90 

7.8 

X 

10’’ 

Contractor 

4  +  85 

4 .3 

X 

10"’ 

Contractor 

6+80  -  5+80 

15 . 1 

X 

10'’ 

CE 

6  +  70 

3 .1 

X 

10’’ 

CE 

5  +  90 

96.1 

X 

10’’ 

CE 

4  +  85 

16.8 

X 

10"’ 

CE 

Backfill  was  prepared  by  mixing  suitable  material  excavated 
from  the  trench  (estimated  to  be  20%  of  the  total  excavated 
quantity) ,  borrow  material  (silty  sand) ,  bentonite  powder, 
and  a  slurry  composed  of  bentonite  powder  and  Harlan  city 
water.  A  three  to  six-inch  slump  was  specified.  For  the 
first  phase  the  contractor  elected  to  use  a  six-inch  slump. 
For  the  second  phase  a  three-inch  slump  was  used  with 
improved  results.  The  lower  slump  allowed  greater  control 
over  the  movement  of  the  advancing  backfill  toe,  and  it's 
position  relative  to  the  geomembrane  sheets. 

9. 2. 6.1  Backfill  Borrow  Site  -  Phase  1. 
Several  backhoe  pits  were  dug  in  the  alluvium  upstream  of  the 
embankment  and  adjacent  to  Clover  Fork  to  locate  the  best 
borrow  site  for  slurry  trench  backfill  material.  Gradation 
test  results  indicated  that,  although  on  the  fine  side  of  the 
specification  requirement,  suitable  backfill  material  was 
available.  This  silty  sand  occurred  in  a  four  feet  thickness 
near  the  ground  surface.  Over-size  rock  and  debris  were 
removed  by  hand.  Gradation  results  are  included  in  Appendix 
E,  PLATES  E-9  and  E-10. 

9. 2. 6. 2  Backfill  Borrow  Site  -  Phase  2. 

Eight-  hundred  cubic  yards  of  material,  which  had  been 
excavated  from  beneath  the  old  Highway  38,  was  stockpiled  for 
use  in  completing  the  slurry  trench  backfill. 
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9.2.7  Slurry  Trench.  Phase  1  (Station  7-4-25  to 
4->-55)  -  Construction  Summary.  Phase  1  trench  excavation 
began  on  18  October  and  backfilling  was  completed  on  18 
November  1991.  The  subcontractor  had  originally  estimated 
about  two  weeks,  but  repair  of  damaged  water  lines  extended 
construction  time.  Excavation  began  alongside  the  railroad 
embankment  and  progressed  toward  the  river.  This  provided 
the  excavator  more  solid  ground  on  which  to  maneuver,  and 
prevented  interference  with  railroad  traffic. 

The  LinkBelt  LS-5800  backhoe  used  a  standard  46-inch  wide 
bucket  to  excavate  the  trench.  A  surveyor's  level  was  set  up 
to  provide  vertical  control.  Stakes,  offset  well  away  from 
the  work  area,  were  used  horizontal  control.  After 
breaking  a  bucket  tooth  on  25  October,  the  46-inch  wide 
bucket  was  replaced  with  a  36 -inch  wide  bucket.  The 
replacement  bucket  was  also  equipped  with  ripping  teeth 
mounted  on  the  outside,  and  proved  more  efficient  at 
excavating  in  rock. 

Prior  to  the  placement  of  geomembrane  and  eventual 
backfilling,  the  subcontractor  sounded  the  trench  to  verify 
that  it  was  clear  and  free  of  sediment.  When  sounding 
revealed  that  sediment  had  accumulated,  the  backhoe  was  used 
to  clean  the  trench  before  backfilling  began. 

Geomembrane  placement  began  on  29  October.  Placing  the 
geomembrane  sheets  on  the  upstream  side  of  the  trench  allowed 
the  exposed  flap  of  geomembrane  to  lie  clear  of  the  soil- 
bentonite  backfill  mixing  area  which  was  located  on  the 
downstream  side  of  the  trench.  Specially  notched  sheets  of 
geomembrane  were  placed  around  water  lines  which  crossed  the 
trench.  Placement  of  the  material  was  difficult,  as  the 
geomembrane  tended  to  be  buoyant  in  the  slurry.  The  bottom 
edge  had  to  be  forced  into  place  despite  re-bar  woven  into 
the  geomembrane  bottom  to  act  as  a  sinker.  Once  backfilling 
began,  the  six- inch  slump  backfill  was  expected  to  assume  a 
IV : 8H  slope  in  the  trench.  This  was  later  measured  and  was 
found  to  range  from  about  IV: 8H  to  IVilOH.  For  this  reason 
over- lapping  geomembrane  sheets  had  to  be  installed  well 
ahead  of  the  backfill  operations.  Backfilling  began  at  a 
IV : IH  lead-off  trench  near  the  railroad  tracks.  As  the 
advancing  backfill  flowed  past  the  geomembrane  sheets,  the 
bottom  was  dragged  laterally  along  with  it.  Upper  edges 
pulled  loose  from  the  top  of  the  trench,  and  the  geomembrane 
sagged  under  the  weight  of  the  backfill  material.  Sheets  of 
geomembrane  were  staked  on  their  upper  edge,  and  additional 
sheets  placed  to  cover  the  gaps  which  opened  as  the  original 
sheets  were  dragged  apart.  It  was  apparent  that  a  better 
method  of  geomembrane  installation  would  have  to  be  devised. 

Backfilling  of  the  freshly-excavated  trench  was  completed  to 
station  4+55  on  2  November.  The  backfill  was  excavated  to 
expose  the  water  lines  where  they  crossed  through  the  trench. 
The  water  lines  were  exposed  and  found  to  have  been  damaged 
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by  the  backhoe  during  excavation  of  the  slurry  trench.  The 
water  lines  were  repaired  and  the  trench  subcontractor  began 
installation  of  the  pipe  boot.  A  backing  sheet  of 
geomembrane  was  placed  under  the  pipes,  slit  at  the  pipe 
locations,  and  pulled  up  and  around  the  water  lines.  The 
bottom  of  this  backing  sheet  of  geomembrane  was  driven  to 
rock  using  angle  iron  attached  to  the  bottom  edge  of  the 
material  with  welded  sockets,  and  steel  pipes  inserted  into 
the  sockets  as  push  rods.  A  backhoe  then  pushed  the 
geomembrane  sheet  to  the  bottom  of  the  trench.  The 
geomembrane  boot  was  welded  to  this  backing  sheet.  Around 
the  pipes,  the  geomembrane  was  gathered  and  secured  with  two 
hose-type  clamps  on  each  pipe.  Fresh  backfill  material  was 
mixed,  and  the  trench  completed  on  16  November.  A  layer  of 
filter  fabric  was  placed  to  cover  the  exposed  top  of  slurry 
trench  backfill.  Fill  placement  resumed,  covering  the  slurry 
trench  on  25  November. 

9.2.8  Slurry  Trench.  Phase  2  (Station  1+70  to  4+55) 
-  Construction  Summary.  In  June  1992,  the  contractor  drilled 
four  air-track  holes  to  determine  depth  to  bedrock  at  the 
northwest  end  of  the  trench,  in  the  right  abutment. 
Indications  were  that  the  top  of  rock  surface  was  much  lower 
than  estimated.  A  Corps  of  Engineers  crew  drilled  three 
additional  SPT/core  holes  which  confirmed  the  preliminary 
findings.  Drill  logs  for  these  three  holes  are  included  on 
PLATE  E-7. 

The  contract  was  modified  to  extend  the  foundation  seepage 
cutoff  further  into  the  right  abutment.  A  sheet  pile  cutoff 
was  added,  extending  from  station  1+70  to  station  0+15,  the 
centerline  of  the  relocated  Highway  38.  After  the  slurry 
trench  was  completed,  the  piling  cutoff  was  extended  an 
additional  10  feet  into  the  slurry  trench,  to  station  1+80. 
See  PLATES  E-2  and  E-3 . 

Phase  2  slurry  trench  excavation  began  on  22  October  and 
backfilling  was  completed  by  31  October  1992.  A  much 
improved  method  was  used  to  install  the  geomembrane  liner. 
Geomembrane  sheets  were  attached  to  rigid  frames  constructed 
of  four-inch  pipes  and  six-inch  steel  I-beams.  Frames  and 
attached  geomembrane  sheets  were  installed  in  30  feet  high 
and  35  feet  wide  sections.  Four  frames  were  used,  each  frame 
installed  to  lap  about  four  feet  behind  the  previously  placed 
frame.  When  backfill  reached  a  depth  of  ten  feet  along  a 
section,  a  frame  was  pulled,  leaving  the  geomembrane  sheet  in 
the  trench. 

Excavation  for  the  two  feet  embedment  into  rock  was  slow, 
about  40  linear  feet  per  day.  The  upper  six  feet  of 
weathered  rock  had  been  removed  before  fill  placem.ent  began. 
The  rock  which  remained  was  difficult  to  excavate  with  a 
backhoe . 
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9.3  Floodwall  and  Closure  Structure.  Floodwalls  and  a 
railroad  closure  structure  were  constructed  at  the  left 
abutment  of  the  diversion  embankment.  These  structures  are 
founded  on  HP  12  x  74  piles  driven  through  artificial  fill 
and  alluvium,  to  refusal  in  the  siltstone  bedrock.  The 
■closure  structure  has  a  single-leaf  swing  gate  with  a  span  of 
30  feet  and  a  height  of  14.25  feet.  The  floodwall  consists 
of  a  12-feet  long  section  of  T-wall  on  each  side  of  the 
closure  structure  and  42  feet  of  I-wall.  A  sheet  pile 
seepage  cutoff  was  driven  to  refusal  in  bedrock  beneath  these 
structures . 


9.3.1  Construction  Summary.  An  alternate  access 
road  to  nearby  homes  was  constructed  on  the  landward  side  of 
the  railroad  right-of-way  in  December  1991.  This  replaced 
the  existing  road  which  was  blocked  by  the  railroad  closure 
structure.  H-piles  and  sheet  piles  were  driven  on  both  sides 
of  and  under  the  railroad  tracks  in  January  1992.  The 
railroad  was  out  of  service  for  about  ten  hours  while 
sections  of  the  track  were  removed  on  22  January.  Sheet 
piles  42  and  43  failed  to  go  to  refusal  on  the  first  attempt. 
Both  these  piles  were  pulled  and  were  successfully  driven  to 
refusal  "^n  the  second  attempt.  During  pile  driving 
operations  a  seismograph  was  set  up  ten  feet  from  the  corner 
of  a  nearby  church,  75  feet  from  the  pile  driver.  The 
highest  recorded  reading  was  0.04  inches  per  second. 

Pile  driving  hammer  for  sheet  piling: 

Model  MKT-9B3 
Ram  Wt .  1600  lbs . 

Stroke  Rated-17  inch 
Energy  Rated  8750  Ft/lbs. 

Speed  Rated  145 
Air  Pressure  100 

Pile  driving  hammer  for  H-piling: 

Model  Vulcan  506 
Ram  Wt .  6500  lbs. 

Scroke  Rated-48  inch 
Energy  Rated  26,000  Ft/lbs. 

Speed  Rated  52 
Air  Pressure  120 

Closure  structure  footings  were  placed  in  February  1992. 
General  details  of  the  closure  structure  and  floodwalls  are 
shown  on  Plate  F-2.  Pile  driving  records  are  included  on 
PLATE  F-3. 
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10.  Highway  72  Bridge. 


At  the  downstream  portal  area.  Highway  72  was  re-routed  over 
a  450 -feet -long  bridge  which  spans  Clover  Fork  as  it  exits 
the  tunnels. 

10.1  Abutments.  Construction  of  the  bridge  abutments 
started  in  October  1990  and  was  completed  in  May  1991.  The 
bridge  abutments  are  supported  by  14 -inch  structural  steel  H- 
piles  driven  through  the  overburden  to  refusal  in  bedrock. 

All  piles  were  fitted  with  cast  steel  driving  points 
furnished  by  Versabite  Foundation  Accessories  of  Matthews, 
North  Carolina.  Piles  were  driven  to  refusal,  which  was 
defined  as  "whpn  measurable  penetration  under  five  blows  of 
the  approved  hammer  and  system  is  one-quarter  inch  or  less 
and  where  the  pile  tip  is  in  bedrock  and  the  installation  is 
approved  by  the  Contracting  Officer. " 

London  Bridge  Company  used  a  60-ton  Link-Belt  118  crane  with 
a  fixed  lead  system.  The  pile  driver  was  a  Vulcan  model  #506 
single  acting  hammer  with  6500  pound  ram  weight,  690  pound 
anvil  weight,  and  a  48-inch  stroke  for  26,000  foot-pounds  of 
energy.  The  hammer  speed  was  52  blows  per  minute  with  air 
pressure  of  120  PSI.  A  750-pound  Vulcan  pile  driving  cap  and 
a  12 -inch  diameter  by  2M-inch  aluminum  and  Micarta  cushion 
block  were  used. 

Abutment  1  piles  were  driven  in  October  1990.  Pile  lengths 
ranged  from  about  16  to  30  feet.  Tip  elevations  ranged  from 
about  1147  tc  1160,  which  is  consistent  with  preconstruction 
exploratory  boring  top  of  rock  data. 

Abutment  2  pile  driving  began  on  23  October  1990.  Piles  11 
and  43  hit  an  obstacle  approximately  18  feet  below  the 
surface.  The  piles  were  skewed  in  opposite  directions, 
suggesting  that  the  obstruction  lay  between  the  piles.  The 
angle  of  skew  was  within  permissible  limits,  and  no 
corrective  action  was  necessary.  Piles  ranged  from  about  19 
to  24  feet  in  length.  Tip  elevations  ranged  from  about  1142 
to  1146.  Pile  records  are  provided  on  PLATE  G-2. 

10.2  Piers. 


10.2.1  Pier  1.  Excavation  for  pier  1  began  on  21 
November  1990.  A  D-8  dozer  equipped  with  a  single-tooth 
ripper  was  used  to  make  the  initial  cut  into  rock.  The 
trench  was  then  trimmed  to  final  dimensions  using  a  backhoe 
and  jackhammers.  Rock  samples  were  collected  from  the  pier 
foundations  and  tested  for  slake  durability,  with  test 
results  ranging  from  96.3%  to  97.9%.  Three  f ive-feet-deep 
test  holes  confirmed  rock  competency.  Contract  modification 
37  provided  for  a  design  change  which  was  recommended  by  the 
bridge  designer.  The  footing  was  expanded  in  size  so  that 
concrete  would  be  in  contact  with  the  sides  of  the  excavated 
trench . 
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10.2.2  Pier  2 .  A  dike  was  built  around  the  pier  2 
excavation  to  control  surface  water.  Excavation  began  on  29 
January  1991  using  a  backhoe  and  jackhammers.  The  dozer  and 
ripper  were  not  used  in  order  to  reduce  overbreakage  similar 
to  that  which  occurred  on  the  pier  1  footing  excavation. 
Slake-durability  testing  on  rock  sampled  below  pier  2  footing 
indicated  an  SDI  of  97.95%.  Three  test  holes  drilled  five 
feet  into  rock  below  the  footing  confirmed  rock  competency. 
The  pier  2  footing  was  placed  on  13  February. 

10.2.3  Pier  3 .  Excavation  of  pier  3  foundation 
began  on  9  February  1991.  As  on  pier  2,  only  a  backhoe  and 
jackhammers  were  used.  The  pier  footing  was  separated  from 
the  main  channel  of  Clover  Fork  by  an  earthen  berm.  Seepage 
through  the  berm  entered  the  excavation  and  required 
continuous  pumping.  Concrete  was  completed  on  22  March. 

Pre-stressed  concrete  I-beams  for  the  bridge  were  placed 
during  May  1991.  Ivy  Hill  Road  was  re-opened  to  traffic  on 
23  August,  permitting  traffic  to  enter  Harlan  from  the  north 
side  of  Ivy  Hill.  The  Highway  72  bridge  was  opened  to 
traffic  on  2  October  1991. 
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11.  Highway  38  and  Bridge. 

11.1  Excavation  Grades  -  Design  and  As-Built.  In 
developing  the  IV : IH  slope  at  the  top  of  the  road  cut,  hard 
sandstone  was  encountered  higher  than  expected  in  some  areas. 
Where  this  occurred  the  slopes  were  changed  from  a  1V:1H 
dozer  cut  to  a  2V:1H  presplit  cut.  This  necessitated  the 
addition  of  an  extra  bench  at  the  upper  part  of  the  slope  so 
that  the  lower  slopes  could  be  constructed  according  to 
design.  These  changes  increased  excavation  quantities. 

Jointing  runs  approximately  parallel  to  the  road  cut  and  in 
some  areas  the  presplit  blasts  broke  back  to  expose  joint 
faces.  Since  there  was  no  provision  for  rock  bolting  the 
road  cut,  and  in  many  cases  the  rock  was  too  fractured  to  be 
bolted  effectively,  loose  rock  was  removed  behind  the  design 
line.  This  also  increased  excavation  quantities. 

11.2  Overburden  Excavation.  Utility  lines  were 
relocated  around  the  work  area  from  October  1989  through 
January  1990.  Overburden  excavation  began  in  March  1990. 
Excavation  of  the  1V:1H  slope  in  overburden  began  in  March 
and  was  essentially  complete  by  the  end  of  July  1990. 
Additional  excavation  is  described  in  Section  11.2.2. 


11.2.1  Methods  and  Equipment.  Overburden  was 
excavated  using  a  Caterpillar  D-8  dozer.  A  Caterpillar  977L 
endloader  loaded  material  onto  Euclid  R50  dump  trucks  which 
hauled  it  to  the  H-2  disposal  area. 

11.2.2  Construction  Summary.  Problems,  and 
Treatment .  Between  stations  67+50  and  69+00  organic  material 
unsuitable  for  the  road  subgrade  was  overexcavated.  The  area 
was  backfilled  with  rock  from  the  upstream  portal  excavation. 

In  January  1991,  overburden  in  a  hollow  at  station  56+50  tc 
57+00  slid  to  the  bottom  of  the  excavated  cut.  Headward 
erosion  reached  to  within  eight  feet  of  the  project  property 
boundary,  and  left  remaining  overburden  on  the  slope 
excessively  steep  and  prone  to  further  sliding.  Laying  the 
slope  back  away  from  the  cut  would  result  in  encroachment 
outside  the  project  property  boundary.  The  Pineville  real 
estate  office  made  arrangements  to  purchase  this  additional 
property.  Excavation  of  slide  material  and  laying  back  of 
the  slope  was  completed  in  March  1991. 

By  April  1991  road  cuts  were  excavated  to  grade  on  either 
side  of  the  tunnel  portals.  Between  stations  52+50  and 
55+00,  four  to  nine  feet  of  unsuitable  organic  overburden 
material  was  overexcavated.  The  area  was  backfilled  with 
shot  rock,  from  the  upstream  portal  excavation.  A  surface 
leveling  course  of  tunnel  roadheader  cuttings  was  placed  to 
complete  the  backfilling.  Organic  material,  unsuitable  for 
road  subgrade,  was  also  removed  between  stations  70+50  to 
71+50.  The  overexcavated  area,  15  feet  wide  and  four  feet 
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deep,  was  backfilled  with  tunnel  cuttings.  Other  unsuitable 
material  was  removed  by  a  cut  20  feet  wide  and  three  feet 
deep  from  station  68+75  to  70+00.  Several  large  boulders 

were  removed  from  the  subgrade  near  abutment  1  in  August  • 

1991  . 


11.2.3  Disposition  of  Excavated  Materials. 
Overburden  from  the  highway  38  excavation  was  placed  in  the 
H-2  disposal  area. 

11.3  Rock  Excavation.  Blasting  for  the  highway  38 
relocation  began  near  station  66+00  in  March  1990. 

11.3.1  Methods  and  Equipment.  Presplit  blasting 
methods  were  similar  to  those  used  at  the  downstream  portal 
and  at  the  upstream  portal  above  elevation  1230.  Holes  were 
3-inches  in  diameter,  on  36-inch  centers,  and  up  to  30  feet 
deep.  %-inch  diameter  Detagel  was  initiated  with  electric 
blasting  caps.  In  developing  the  cut-slopes,  presplit  lines 
ran  approximately  parallel  to  the  existing  ground  surface 
only  a  short  distance  away.  Firing  the  presplit  line  in  a 
separate  operation  before  the  production  blast  disturbed  the 
remaining  rock  to  the  extent  that  it  was  difficult  to  drill 
the  production  blast  holes.  If  production  holes  were  drilled 
before  the  presplit  shot,  holes  were  cut  off  and  could  r Tt  be 
loaded.  For  these  reasons,  the  presplit  and  production 
blasts  were  usually  fired  in  one  operation,  separated  by 
millisecoi.d  delays. 

11.3.2  Construction  Problems  and  Treatment. 
Blasting  broke  back  to  expose  joint  planes  where  they 
intersected  design  slopes.  Fractured  rock  and  detached 
blocks  were  removed,  leaving  natural  joint  faces  to  form  the 
finished  slope  in  these  areas.  This  backbreak  added  to  over¬ 
runs  in  surface  excavation  quantities. 

11.3.3  Disposition  of  Excavated  Material.  Rock 
from  the  highway  38  excavation  was  placed  in  the  H-2  disposal 
area . 


11.4  Rock  Reinforcement.  Reinforcement  of  the  slopes 
was  not  required  by  the  contract.  Some  rock  bolts  were 
installed  as  needed  and  paid  at  unit  prices.  Five  25-feet- 
long  rock  dowels  were  installed,  from  station  69+60  to  70+00 
elevation  1330  to  secure  an  overhanging  sandstone  block.  A 
nearby  utility  pole  and  construction  limits  prevented  removal 
of  the  entire  block.  Six  rock  bolts,  three  10-feet  long  and 
three  15-feet  long,  were  installed  between  stations  50+00  and 
50+50  for  support  of  a  small  overhang. 


11.5  Bridge  Foundation  -  Caisson  Construction. 
Proposed  caisson  locations  for  the  Highway  38  bridge  were 
core  drilled  during  March  1991.  NX  core  holes  were  drilled 
through  the  approximate  center  of  each  caisson  to  a  target 
depth  of  five  feet  below  the  proposed  bottom.  Augers 
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advanced  the  holes  through  overburden  to  top  of  rock  where 
coring  began.  Cores  were  logged,  photographed,  and 
discarded.  In  some  holes,  a  sample  of  core  was  taken  for 
compressive  strength  testing.  Test  results  are  included  in 
Section  4.2.4,  "Investigations  During  Construction." 

, -Drilling  logs  are  included  in  Appendix  H,  PLATES  and  H-4. 

Drilling  results  on  abutment  1  essentially  confirmed  the 
depth  of  the  overburden/rock  contact  indicated  in  the  plans. 
Abutment  2  results,  however,  revealed  the  overburden/rock 
contact  in  two  holes  to  be  substantially  (14  to  18  feet) 
deeper  than  expected.  Rock  Quality  Designations  were  also 
lower  on  several  abutment  2  cores.  Since  some  change  in 
caisson  design  would  probably  be  necessary,  core  holes  were 
deepened  so  that  at  least  20  feet  of  rock  was  recovered,  to  a 
depth  five  feet  below  the  anticipated  base.  Core  drilling 
was  completed  on  26  March,  1991,  and  the  results  forwarded  to 
the  bridge  designer. 

The  bridge  abutment  caissons  were  re-designed,  with  the  most 
significant  changes  being: 

--Enlarge  caissons  A2-2  and  A2-3  to  60-inches  in 
diameter . 

--Add  one  60-inch  diameter  caisson  along  the  A2-1  to  A2- 
4  row  and  change  spacing  of  caissons  in  that  row. 

--Enlarge  caisson  Al-1  to  60-inches  in  diameter. 

--Increase  rock  embedment  length  to  a  minimum  of  15  feet 
for  all  48-inch  diameter  caissons  and  20  feet  for  60- 
inch  diameter  caissons. 

The  revised  drilled  shaft  notes,  schedule,  and  layout  are 
enclosed  in  Appendix  H,  PLATE  H-2. 

A  Hughes  LDH-70  drill  rig  arrived  on  site  on  18  June  and 
caisson  hole  drilling  started  on  24  June.  Rock  augering  was 
slowed  by  occasional  bands  and  beds  up  to  Hi  feet  thick,  of 
very-fine-grained  sandstone,  sometimes  descibed  as  coarse¬ 
grained  siltstone.  Drilling  rates  slowed  to  fractions  of  an 
inch  per  hour  with  very  high  auger  tooth  consumption.  When 
this  very  hard  rock  was  encountered,  a  1350  pound  drop  hammer 
was  used.  The  general  procedure  was  to  drop  the  hammer  eight 
to  ten  times.  Although  not  advancing  the  hole  measurably, 
this  would  slightly  fracture  and  roughen  the  rock  surface, 
allowing  the  rock  auger  or  core  barrel  to  cut  through  it.  A 
coring  bit  was  sometimes  used  instead  of  the  rock  auger  to 
provide  additional  cutting  action  around  the  margins  of  the 
hole.  Once  the  very  hard  beds  were  penetrated,  rock  augering 
continued  at  normal  rates  of  approximately  one  foot  per  hour. 

All  completed  caisson  holes  were  proof  tested  by  drilling  a 
f ive-feet-deep  jackhammer  hole  in  the  bottom.  Proof  testing 
of  hole  A2-5  revealed  a  void  approximately  one  foot  below  the 
bottom.  The  caisson  hole  was  deepened  an  additional  3.9  feet 
and  re-inspected.  A  fracture,  open  1.6  feet  and  oriented 
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N20°E,  80°NVJ,  was  observed  in  the  side  of  the  hole.  The  wall 
rock  and  hole  bottom  beneath  the  fracture  appeared  to  be 
competent  with  no  evidence  of  further  voids.  Additional 
proof  testing  indicated  good  rock  for  a  depth  of  five  more 
feet .  The  open  fracture  was  plugged  to  limit  concrete  flow 
to  six  inches  inside  the  feature,  and  non-reinforced  concrete 
was  placed  up  to  the  original  design  bottom.  Reinforcing 
steel  was  then  placed  in  the  hole,  and  concrete  placed 
following  normal  procedures. 

Caisson  hole  A2-4  was  started  on  15  August.  Fill  material 
around  the  collar  of  the  hole  caved-in  and  forced  temporary- 
abandonment  of  the  drilling.  Additional  fill  was  placed  and 
compacted  as  well  as  possible  in  the  confined  area.  A  20- 
feet-long  section  of  temporary  casing  was  installed  and 
drilling  resumed.  Caisson  construction  was  completed  on  11 
September,  when  concrete  for  caissons  A2-4  and  A2-6  was 
placed . 

Completed  caisson  holes  were  checked  for  verticality,  and  all 
were  within  the  specified  tolerances  which  were  (1)  the  top 
no  more  than  three-inches  from  centerline  location,  and  (2)  a 
maximum  deviation,  from  top  to  bottom,  of  1.5%  of  caisson 
height . 

All  caisson  holes  except  Al-6  were  mapped  peripherally  prior 
to  placement  of  reinforcing  steel  and  concrete.  That  hole 
was  proof  tested,  and  the  jackhammer  operator  reported  good 
rock  at  the  base  of  the  caisson,  and  no  visible  fractures  in 
the  wall  rock.  Caisson  hole  maps  are  included  in  Appendix  H, 
PLATES  H-5  through  H-19. 
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Appendix  A  -  General 

Plate  No.  Drawing  No.  Description 

A-1  QlA-64/1 

A-2  QlA-4/382 
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Project  Location  Map 
Boring  Legend 
Geologic  Descriptions 


PROJECT  LOCATION  MAP 


;;!!  - 
is'  3  i , 

5  Si’ 


1  0  1  • 

C.  >  - - —  'OrxJ  1 

Oc  • 

<*,1  •«••«<«  fli  7«sn«n  t»  S* 

iivsva  WU  («•«  Vk*  lBlt«  oMfini  ir 


I  :ai««'r«  So*i  4*  («b>* 

.  <Mr»u  «•]  nr  I 
[  ■••>  r<oM«ir\  ro»i 


OCCUIUC'M 

isr\«oj 

Jt^rr^OTl'V} 

o^'guor 

OpOrOiiMTC.  -PIOt«l7 

argtldcaous 

corral 

b«<JrOCk 

bl  fi3’C4lln9 

boc^ 

biOChr 

txocf 

ixx*3e< 

Mttcii  0^  rsoia 

bro»ft 

brtcclot*d 

brot'«n 

coorta 

cdcira 

c<X4raou» 

ccrbonocaout 

cobtMa 

corracfM  daotn 

caM^'i 

cora  ><n  nota 

chart 

eiroiaiion 

cwy 

cwyay 

caarahtad 

cokaihdr 

COhcrala 

con>o*arata 

criyiery 

dansa 

disaaailnotad 

dort> 

<3oao 

dotoMta.  doionftic 
^nirsg 


iBSftCvttTlONS 


jrBvdtar  ralalnad 

ttaootion 

a(tl«o*a.-ad 

a*cfe>flng 

attraaraty 

flr«.  finaly 

Iroo 

tikao 

for  notion 

tossl  fossllfarous 

troc’jra 

frognant 

frloua 

tlss>a 

J*har<j»y 

gwucor'ta. -ttk 

VOl 

groin,  grgfnad 
grodotlongi 
groan 
grout 

gro^Aii  ^a«a*y 

gyOSi/B 

hrgn 

rora 

nanotita 


iKraddad 

iTKkjdlng 

■ntart>a<l  mtarbagoad 

intarioffinotad 

irrogjor.  trra9>rty 

|olr>t 

■o« 

ioni^  -oa.  *otad 
loat  cora 
iMt  <rnaOtar 
•aochod 


tliC.SC  e>jS 
»inar-Hia>l  -llOl 


noOuia 

ro  racovart 
rvrtarous 

o.artxroen  'LXK>ass<l>*d> 

oc«:ovon.j.  -  day 

oonta.oo<t< 

ooan.apanaO 

orgonlc 

(xrt.’oly 

pattaa 

patroiaiA  batrottarous 

><Ut«clty  IniSai 

pit.  pittad.  D't  ting 

r<ostic  iiMt 

C<0»tlc 

PKJty 

c*<r>a 

bovoar.Doodarad 
protxXM.  crohociy 

OOpar-tKn 

orassu'a  tat' 

porting 

olkt  t: 

ra(o>arad 

rafLiAO 

roO 

rotrO 

roc»  gjoity  oasigmtion 
aotu-otad 


tiltftorta 

o»t, 


satda 

•oft 

solution,  -tlonad.  -rlonlng 

ltd.  porta  trot  I  c-/^  fast 

sohdstona 

8t<in.  -ad.  -»ng 

stiff 

strirtgar 

sryic4ta 

ttytcflhc 

urfoca 

tijfit 

too  of  rock 
troca 

(jsoccftjntaoio  loss 

iftoccosxttaM 

toriaoia 

«ary 

Of  flea 

oMQQl 

with 

■aotharad 

•atjta 

agt®-  larai 

■Otar  taM 

cross’baMad 

oryifdl 

crystoflna 

yaioa 


.'cic«ouu’on«m 

.lOuO  I.Mt 


>  ttan  uslrtg  <u  tt>a  pkjroifortB 
Odd 


plasticity  chart 


n  M:a  a  aaNad  ’•  ■«  esrattav?  ••  pa'tt.  a  <«a  ai.  m  oajw 

(Sr.  txa  iaar«r  wtaa]  m  tut  r  •  "*«  nra-  -ro  ae^  '»  ota  aaaa 

>t  a«Mri'arv  THar  <•«  a  'tOM  ^  tf  "era  «r  )  w***  or 

■a  MM  n's  a  "«  *00  anut  m  iwi  n  tmt'ti.  tra  ttras  a  "ari  t( 
pd  ^/ng  tra  Mvuat'ar  ■«  Mtitt/a  ca»a<t  ;•  (raOiRiy  'sua* 

aaiiaan  <■'*■001  *r<ai<  MM  ■«  sM<id‘«,  aa  VkAMi  tfart  ta  pas’a  Mi 


1  ratal  M  uwM  »aa»'p*r  ra  a  traraa  CM 


-  >ia  tnrMt)  *Mr  rta  art  «a  rnt  »<|A>«r  ira  uv  <am  "  ttMi  «r>raAn 

Htrtt  H  rra  COMM  ca?  frs'M  ft  rra  MS  tMUaM  s'  rns  svsM  •'  "a 
nt  rO  «so  as*  8'  ecnrvcs  •'  rra  ua  stmo  pm'k  M'  Mut*  tittar 


TtftMS  FOfi  TMICWCSS 
or  BCDCMNC 

Pijr  trg 

-  ao? 

?<ro 

0.02  ■  OJ 

TiMn  Sad 

C.2-  ■  O.S 

tMOlLAA  Sad 

O  S-  •  1.0 

’Nts  B«d 

!.a  •  :.o 

UOSSiva 

>  2.0 

ItRMS  FOR  HlROFtSS  Of  BfOROCF  I 

$CD.I  OP  HAflCNCSS 

oescufftoN 

tarj  KJft  or  ptos'lc 

Con  ba 

'hdantaj  eov'r  ai»n  ’rwiD 

Soft 

Cgn  ba 

%Ci  jtchaj  •  tn  tlngarngr 

WMM'ofVi  fxro 

Con  ba 

$--rdtched  aosAy  ••fh  »•  -'ai 

Cerroot 

ba  jcrotcf.ad  •'•n  flng**^noA 

HiTd 

O'ffFCtJt  *0  icrgfch  •''*>  inifa 

Of  J  *»T0 

Corro* 

ba  jero'Cha.}  •ith  tnlte  j 

CtNERAL  NOTES 

I.  t  aot  COJIT  or  hic>(A  ttuM  93  BlO*S  PtA  Htif  roOY  6  MQAULIT  KTWCO  tS  ACTUSM.  TCA 
StSMOidC  PCKIAsnON  HMCS.  fCfi  Ail  OTO  HOieS  Cl^lD  tiOtOCOi  Ott«JV(lt  RCTipIStl 
<S  OCfKO  *i  M  POMi  MfQtC  ktOO  rikttca  PKlAsTOi  oaS  i^«ClCtaL£  nra  T>€ 
CfflOftiTOl  KTmOO  IfSCfi. 

i.  •A*rA  aCVATKNS  KXtTlO  I  r*<  COAI  <1.  KNSOi  oil.  OMVt  Sii#ltD  O'.  UJC£A  ID.  itc 
tsSMBORHCS  ifB'Hif  Hivt  KIN  MluEiCtC)  dr  lAtmO  IM.liC  fl'JO  OK  M  NSt/TCClT 
PsSSDX  OP  tic  to  KMt  BCfihC  tO  RtPlCCt  kCtUAl  CMlK)  tsTIA  Il(«*Tix 

1  gnXPCVAtCA  ICCIS  VI.L  vutt  X  sCCOADsiCt  XtH  fu»r»u  DO  sntui  STiSS.  TiCAroK 
ACtuc  lC«U  OP  C»OlXiatt{A  Ch  ANT  OATC  Ott^A  twsN  That  Sf«M  <M  rC  IOCS  M.;ST 
ac  otrtaMCO  at  scpaahi  oeseth-Atof^.  asiiR  lC'Il  BtAi*«s  nst  not  tmiN  ox  cvtAt 
HOlC  FOX  VMOUS  <EA»NS.  r»C  tffilfKt  V  t  KaOXC  pees  HOT  KXAtt  tiC  AOSCNCt  OP 
CPOUi€«<tCA. 

«.  •iCtC'CR  tie  tCTKlO  CP  UPlCXATIOM  PNtClUCCD  THI  POSSCliTT  OP  »CC(Wn»«  SD#\TS 
A80«t  WO.  SUtAOiI  fon  fiAMKstON  Off  tISTS.  TiC  lurtnsi.  IS  OCNOttD  A$  ovtmi^ 

S.  SOIC  OP  t»C  tiPlOffAtoXT  KWMCS  Am  Pi»tlCCttP  »  ftc  «C.  AfC  «0C*  PTOPIK. 

poff  oistAsdS.  sa  niffs  cr  iiPicffAioft 

L  AU  aevAtCHS  APC  X  rat  «fO  icrff  to  NAlOlii  ucoctc  vCRTCii  osruH  ncvoi. 

t.  HOC  IS  A  ACAStXC  OP  TK  Poa  OudiTt.  au  lliCttfS  OP  C0«£  WCOvtAOJ  OvtA  A  ffOCS 
Pt  ICNCTM  tPf  SOOCO  rt<N  0<tQ(0  B'  '■<  TOtAi  LINC'N  OP  COC  naCN  SMOU.O  NATC 
«£M  UCCthTfllO  AfO  £«PA£SStO  AS  a  PIffCIHfAfe. 

9.  soOircxAi  actooc  SUiCsaps  ABt  t<iu«0  ON  PVAttS  A-J  Ti*»v  I-S. 


a«RAL  KOfKXn  OCSCRPTlON 


•urtcf  roPMATiCN  SltStOHl!  Tn.c»  bsdflaj  to  DOis-«jro-]f  horo  to  SfY*’ 

,yi««(:'r»'’T'T  '9  ■OOtTlorfd.  ,,jr(r*(y  a'C'ICTOvJ  -V-J  g'lrorv)’.  •O'aV  jr  ■! 

6*  ’*y  1I.S  It ,,  ,flr  ,  ffwi  gr  ainod  SiSncjstone. 


;  I  -c.  .•  - 

-1  ■ 


U.s.  ABUT  INCINPI*  OISTBKT 
CORPS  OP  ENOltCCBS 

NA'.-»lllI.  TfWitV.F? 


OfVttSAOAA  TlMNflS 

BORING  LEGEND 


-  ...  ■,,* 

.riT 

C.-r.  ,*«. 

1.  rsCMIsM  P.Ars. 

vd  '.t  i»  nj  -;S 

Q1A-S38i 

M 


Standard  Descriptions  and  Descriptive 
Criteria  for  Rock 
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Hardness 

HI  Very  Soft .  Can  be  deformed  by  hand 

H2  Soft .  Can  be  scratched  by  fingernail 

H3  Moderately  Hard .  Can  be  scratched  easily  with  a  knife 

H4  Hard .  Can  be  scratched  with  difficulty  with 

a  knife 

H5  Very  Hard . Cannot  be  scratched  with  a  knife 


Weathering 

W1  Unweathered .  No  evidence  of  any  mechanical  or 

chemical  alteration 

W2  Slightly  Weathered. . .  .  Slight  discoloration  on  surface, 

slight  alteration  along 
discontinuities,  less  than  10%  of  the 
rock  volume  is  altered,  strength  is 
substantially  unaffected 

W3  Moderately  Weathered. .  Discoloring  is  evident,  surface  is 

pitted  and  altered  with  alteration 
penetrating  well  below  rock  surfaces, 
10%  to  50%  of  the  rock  is  altered, 
strength  is  noticeably  less  than 
fresh  rock 

W4  Highly  Weathered . Entire  mass  is  discolored,  alteration 

nearly  complete,  some  pockets  of 
slightly  weathered  rock  noticeable, 
some  minerals  leached  away,  retains 
only  a  fraction  of  original  strength 


Bedding 


B1  Massive .  Greater  than  2  ft. 

B2  Thick  Bedded .  1  to  2  ft.  • 

B3  Medium  Bedded .  0.5  to  1  ft. 

B4  Thin  Bedded .  0.2  to  0.5  ft. 

Band .  0.02  to  0.2  ft. 

Parting .  Less  than  0.02  ft. 

» 

Void  Conditions 

Pore  (porous) .  Less  than  .003  ft.  (1/32  in.) 

Pit  (pitted) . 003  to  .02  ft.  (1/32  to  1/4  in.) 

Vug  (vuggy) . 02  to  .33  ft.  (1/4  to  4  in.) 

Cavity .  Greater  than  4  in.  • 


•  • 
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Standard  Descriptions  and  Descriptive 

• 

* 

% 

1 

Criteria 

for  Discontinuities 

m, 

Fracture  Spacing 

• 

4 

SPl 

Extremely  widely  spaced....  Greater  than  10  ft. 

♦ 

SP2 

Very  widely  spaced.. 

.  3  to  10  ft. 

SP3 

Widely  spaced . 

.  1  to  3  ft. 

SP4 

Moderately  spaced. . . 

• 

4 

SP5 

Closely  spaced . 

SP6 

Very  closely  spaced. 

Fracture  Continuity 

Cl 

Very  low  continuity. . 

• 

4 

C2 

Low  continuity . 

.  3  to  10  ft. 

C3 

Moderate  continuity.. 

.  10  to  30  ft. 

C4 

High  continuity . 

.  30  to  100  ft. 

C5 

Very  high  continuity. 

Fracture  Openness 

• 

4 

OO 

Tight . 

. .  No  visible  separation 

01 

Slightly  open . 

..  Less  than  .003  ft.  (1/32  in.) 

02 

Moderately  open . 

..  .003  to  .01  ft.  (1/32  to  1/8  in.) 

03 

Open . 

..  .01  to  .03  ft.  (1/8  to  3/8  in.) 

04 

Moderately  wide . 

..  .03  ft.  (3/8  in.)  to  0.1  ft. 

• 

1 

05 

Wide . 

..  Greater  than  0.1  ft.,  actual  opening 
recorded 

Fracture  Filling  Thickness 

TO  Clean . 

. .  No  film  or  coating 

i 

T1  Very  thin . 

..  Less  than  .003  ft.  (1.32  in.) 

T2  Moderately  thin. . 

..  .003  to  .01  ft.  (  1/32  to  1/8  in.) 

T3  Thin . 

..  .01  to  .03  -ft.  (1/8  to  3/8  in.) 

T4  Moderately  thick. 

..  .03  ft.  (3/8  in.)  to  0.1  ft. 

T5  Thick . 

..  Greater  than  0.1  ft.,  actual 
thickness  recorded 

• 

t 

Fracture 

Surface  (Roughness) 

R1 

Stepped . 

.  .  Near  normal  steps  and  ridges  occur 
on  fracture  surfaces 

R2 

Rough . 

.  .  Large,  angular  asperities  can  be  seen 

i 

R3 

Moderately  rough . 

. .  Asperities  are  clearly  visible  and 
fracture  surface  feels  abrasive 

R4 

Slightly  rough . 

. .  Small  asperities  on  the  fracture 
surface  are  visible  and  can  be  felt 

R5 

Smooth . 

. .  No  asperities,  smooth  to  the  touch 

R6 

Polished . 

. .  Extremely  smooth  and  shiny 

• 

t 

Plate  A-4 
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• 

•  •  • 

•  •  •  • 

• 

• 

4 

standard  Descriptions  and  Descriptive 
Criteria  For  Discontinuities 


Fracture  Healing 

Totally  healed .  Fracture  is  completely  healed  or 

recemented 

Moderately  healed. . . •  Greater  than  50  percent  of  fractured 

material,  fracture  surfaces,  or 
filling  is  healed  or  xecemented 

Partly  healed .  Less  than  50  percent  of  fractured 

material,  filling,  or  fracture 
surface  is  healed  or  recemented 

Not  healed .  Fracture  surface,  fiacture  zone,  or 

filling  is  not  healed  or  recemented 


Fracture  Moisture  Conditions 


The  fracture  is  dry.  It  is  tight  or 
filling  (where  present)  is  of  sufficient 
density  or  composition  to  impede  water 
flow.  Water  fl  w  along  the  fracture  does 
not  appear  possible. 

The  fracture  is  dry  with  no  evidence  of 
previous  water  flow.  Water  flow  appears 
possible. 

The  fracture  is  dry  but  shows  evidence  of 
water  flow  such  as  staining,  leach^-ng,  and 
vegetation. 

The  fracture  filling  (where  present)  is 
damp,  but  no  free  water  is  present. 

The  fracture  shows  seepage.  It  is  wet 
with  occasional  drops  of  water. 

The  fracture  emits  a  continuous  flow 
(estimate  flow  rate) . 


Plate  A-5 


4 


Appendix  B  -  Downstream  Portal 


Plate  No.  Drawing  No. 


Description 


B-1 

QlA-64/61 . 3 

General  Plan 

B-2 

QlA-64/39.1 

Boring  Plan 

B-3 

QlA-64/40.1 

Geologic  Section  I-I 

B-4 

QlA-64/41.1 

Geologic  Section  J-J 

B-5 

QlA-64/42 . 1 

Geologic  Section  K-K 

B-6 

QlA-64/43 . 1 

Geologic  Section  L-L 

B-7 

QlA-64/44 . 1 

Geologic  Section  M-M 

B-8 

QlA-4/383 

Excavation  Sections 

B-9 

QlA-4/384 

Section  Location  Plan 

B-IC 

QlA-4/385 

Excavation  Sections 

B-11 

QlA-64/60.3 

Rock  Slope  Treatment 

B-12 

QlA-64/69.2 

Rock  Slope  Treatment 

B-13 

QlA-64/70 . 2 

Rock  Slope  Treatment 

B-14 

Added  Rock  Reinforcement 

B-15 

Added  Rock  Reinforcement 

B-16 

QlA-4/386 

Geologic  Map 

B-17 

QlA-4/387 

Geologic  Map,  T-4  Portal 

B-18 

QlA-4/388 

Geologic  Map,  T-3  Portal 

D-IS 

QlA-4/389 

Geologic  Map,  T-2  Portal 

B-20 

QlA-4/390 

Geologic  Map,  T-1  Portal 
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AO'HtO^  BENCH  AT  TOP  OP  ROCK 


-UNOERCROUNO  STORAGE 
TANKS  TO  BE  REMO^tO  . 
IN  TMS  CONTRACT 


NOTES 

1.  FOR  general  plan  OF  PROJECT.  SEE  D*C.  NO.  64/2. 

2.  FOR  BORINGS  IN  AREA  OF  DOWNSTREAM  PORTAL.  SEE  0*0.  NO.  64/39. 

3.  FOR  CROSS  SECTIONS  alONC  RiCwT  Bank  fSASELlNE  Cl  SEE  D*C. 

NO.  64/62. 

4.  FOR  CROSS  SECTIONS  ALONG  LEFT  BANK  (BASELINE  A)  SEE  OwC.  NO. 
64/63  &  /64. 

,5.  FOR  CROSS  SECTIONS  ALONG  BACKWALL  AT  TUNNEL  EWT.  SEE  DWG. 
NO.  64/65. 

6.  FOR  CROSS  SECTIONS  OF  STREAUBANK  PROTECTION  IN  EXISTING 
CLOVER  rORK  CHANNEL.  SEE  OwC.  NO'S.  64/66.  /6T.  V  /68. 

T.  FOR  details  OF  Slope  treatment,  see  owe.  NO'S.  64/69  &  /TO. 
e.  FOR  PLANS  OF  relocated  miCHNAT  72.  SEE  SEPARATE  FOLIO. 

9.  FOR  INSTRUMENTATION  IN  AREA  Of  DOWNSTREAM  PORTAL.  SEE  DWC. 
NO.  64/79. 

«0.  all  slopes  TO  BE  developed  PERPENDICULAR  TO  THE  BASE  OF 

THE  applicable  cuts. 

I.  ALL  Cut  slopes  IV  ON  IH  OR  STEEPER  ADJACENT  TO  PORTALS 
SHALL  BE  ShOTCRETED. 

TVPE  I  stone  SPLASH  PADS  WITH  SLUSH  GROUT 
TYPICAL  4  Tur#€LS 


PEv'SED  >S  CONSTRUCTED 


ADDED  SLOPE  DaT*.  CONSTRUCTION  lmTS. 


STORAGE  Tank  areas.  anO  NOTE  l. 


CCNfORuiNC  TO  REvtE"  COMMENTS 
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PLATE  B-1 


NOTESi 

(.FOR  L0C4rK}N  OF  SCCTlQn  4N0  BORMO  Pl*N. 
S££  OR4RWC  0»*-64/33. 

2.  FOR  DCTAI.EO  LOOS  OF  BOmNOS. 

SEE  OR*«tNO  0»**0</T  THRU  0iA'04/2S. 

3.  FOR  GENERAL  NOr£S.$E£  DRawmG  Qu-04/7. 
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U.S.  [HGWCtfi  OlStftiCT 
'■(WPS  W  [NWCTRS 
•“‘.Mvii.E.  )rvr<ssrt 


downstream  portal 

GEOLOGIC  SECTION 
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SECTION  M-M 


downstream  portal 

section  a 


downstream  PORT’AL 

SECTION  C 


,0 


detail 
rock  bolt 


NOTE  2 
^  views 


3‘ MINIMUM  OVERLAP  -  NOTCHED  AS  DIRECTED 
TO  drain  bench  while  maintaining  I' 

MINIMUM  COVER  OVER  wire  m£Sh 


9*  wide  GEOCOmPOSiTE  STRIP  DRAIN 
connected  to  top  most  ROW  OF 
DRAIN  holes  and  nailed  TO  ROCK 
ON  r  CENTERS 

.  —  VARIES.  SEE  drawings 
OF  SIDE  SLOPES 

—  SHOTCRETE  -  I*  MINIMUM 
COVER  OVER  MESH  •  4* 

MINIMUM  total  thickness 

—  PVC  PIPE  through 
smotcrete  lay:r. 

SEE  DRAIN  hole  detail 


•  SLOPE  AS  SHOWN  ON  PLAN  VIEWS 
BENCH  —  r 


3' minimum  overlap  -  notched  as  directed 
TO  DRAIN  BENCH  WHILE  MAINTAINING  (' 

MINIMUM  COVER  OVER  WIRE  w£Sh 


slotted  pvc  pipe 

PENETRATING  STRIP 

drain.  TAPED  CONNECTION,  -J 

DRAIN  HOLE  DETAIL 

NOT  TO  scale 


4*  X  4*  WI.4  X 
WIRE  FABRIC 


9*  WIDE  GEOCOMPOSITE  STRIP  DRAIN 
CONNECTED  TO  TOP  MOST  ROW  OF 
drain  holes 

'  I*  Diameter  hole 
drilled  2‘  INTO  rock 

ON  8'  X  8‘  PATTERN 
ROCK  anchor  NO.3  DEFORMED  BILLET  ' 

STEEL  BAR  ON  8' X  8* PATTERN 
GROUTED  IN  place  <SE£  Bar  DETail)  - 

DRAIN  holes  completely  CASED  WiTH  SLOTTED 
PIPE 

TOE  detail  for  all  ShOTCRETE  SLOPES 


DETAIL 

SLOPE  TREATMENT  FOR  SLOPES  UNDER  AO' 
HIGH  -  SHOTCRETE,  DOWELS  AND  DRAINAGE  ONLY 
SCalEh'*  2.S' 


- SHOTCRETE  *  1*  MINIMUM 

COVER  OVER  MESH  -  4* 

MINIMUM  TOTAL  THICKNESS 

-  —  PVC  PIPE  through 
ShOTCRETE  LAYER 

~4‘X  4*  Wl.4  X  WI.4  fabric  fastened 
TO  EACH  DEFORMED  BiLLET  STEEL 
BAR  WITH  ONE  12  GAUGE  TiE  WIRE 

—  LOOSENED.  BROKEN  ROCK  REMOVED 
FROM  TOE  OF  SLOPE.  FILLED  WITH 
SHOTCRETE  Flush  with  invert  elevation. 


lowest  pattern  bolt 

LOCATION  VARIES  — 


—  loosened,  broken  rock  removed 
FROM  TOE  OF  slope.  FillEO  WITH 
SHOTCRETE  Flush  with  invERT  ElEvaTiON, 


TOE  detail  FOR 
ALL  SHOTCRETE  SLOPES  - 

detail 

MENT  FOR  A  ON  I  SLOPES  OVER  40' HIGH 

ES  TO  RECEIVE  SHOTCRETE  (STEEPER  THAN  4V  ON  IH) 

SCRlEt  !•  s  2.5' 

NOTES! 


NO.  5  deformed  Billet 
STEEL  BAR  - 


ROCK  ANCHOR  BAR  DETAIL 

NOT  TO  scale 


1.  SPACING  ON  ROCK  DOWELS  AND  ROCK  BOuTS 

Typical  except  as  modified  in  other  drawings. 

2.  SHOTCRETE  WAS  EXTENDED  UP-SLOPE  TO  COVER  ALL 
siLTSTONE  Surfaces. 


■Onical  nut  and  wedge  assembly  Shown. 
r.’HEo  Sy$T£M  aS  approved  MAY  BE  USED 


.3 _ •  2-2-94 

_'G- 30-89 
.r  '■5-3i-e9 


' 

AS  CONSTRUCTED 

MAR 

ADDED  drain  hole  DETAIL 

-E.P.O. 

J.L.S, 

conforming  to  review  comments 

■yr^D. 
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F?ll 


PORTAL 

ROCf-  SLOPE  TREATMENT  DETAILS 


0IA-6A/60.3 


A) 


PLATE  B-11 


A 


D  ^ 


SECTION  A"A 

SCALEi rs  20- 

INVERT  £lEva"--On  Shown  at  TOP  Or  B‘ CONCRETE  BASE  SLAB. 


iO-*50 

SEC^'ON  3“B 

-1^1  !  *  •  ."vl 


•  •  •  • 


12  .*•  «  • 

A  a  •' 

«  »  9  *“ 

!_2^iei-  BENCH  .- 

A  ,fl  :* 

--  ?*»  HI  HI, 

{  5;»  3»i  i«  JKJ 

-HI _ I  A  A.  ,  a.  .  a  .  6  , 


75  portal  face  -' 


CROWN  BOLTS  - 


Hi  -di— 

-s?:  <?o  A  A 

^  o'o  <y  / 

A  >  ■  / 

T^- -a:  / 

.•_•.-*•:••■!  1156.71  > 


B  1150 


-  T2  portal  Face 


SECTION  D-D 

SCALE:  r*  JO- 
SPACING  SHOWN  TYPICAL. 


a 

a  a 


Q  □  _ 

-10^-r- 10^  ‘ 

a  A  -|—  a 
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SECTION  C-C 

SCALE:  I's  10' 


drain  HOLES:  »S' peep.  3’ DIAMETER.  anGLEO  UP  AT 
5  DECREES  ON  a  i?-  x  i2' SQUARE  PATTERN  BEGINNING 
ON  rM£  rF.NTFMl.fNE  OF  EACH  TUNNEL  i4  ABOVE  Tme  crown. 

PATTERN  BOLTS:  lO' LONG,  angled  DOWN  AT  S  DEC.’EES 
ON  10  ^  '0'  staggered  pattern  beginning  C' ABCVE 
TMf  Tl.s'.N:!.  rpowN  AND  S’ LEFT  AND  RiGHT  OF  ThE 
tunnel  ':F:;TEPl-N£. 

Rnnr  ef'L  TG:  in'iDl  tunnel  iD'LCnG  On  6"  CENTERS 
Oi'.iA-.i  •  •  ■’  rs--M  rffiirp  anP  ALONG  TUNNEL  A<ES. 

CROWN  :/0i  '  long  anGlEO  L'P  AT  20  DEGREES  TO 
Tunnel  a*iS  ag  '.hOwn  on  drawing. 

OPAiN  H'XLO  Fully  cased  with  slotted  pvc  Pipe. 


NOTES: 

1.  general  NOTES  ON  drawing  Oia-Sa/2. 

2.  Slope  treatment  details  as  shown  on  drawing  0iA-64/$0. 

3.  general  Plan  OF  D/S  PORTAL  SHOWN  ON  DRAWING  OiA-64/G!. 

4.  SUPPORT  details  for  tunnels  shown  On  drawing  Oia.64/72. 

$.  LOCATION,  number.  &  length  OF  ROCK  BOUTS.  DOwElS  i  DRAINS 
may  be  varied  at  The  DIRECTION  OF  CONTRACTING  OFFICER  TO 
SUIT  ROCK  CONDITIONS  EXPOSED  AS  ExCavaTiON  PROGRESSES. 

e.  ALL  vertical  and  ih  ON  4V  ROCK  FACES  TO  BE  COVERED  wiTh 
WIRE  MESH  OR  FIBER  REINFORCED  ShOTCRETE. 
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NOTES: 


1.  mapped  in  the  plane  op  the  slope. 

EXCEPT  FOR  HORZONITAL  BENCHES 
which  are  not  shown. 

3.  ROCK  REINFORCEMENT  AND 

drainage  not  shown. 
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Appendix  E  -  Diversion  Embankment  and  Slurry  Trench 
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Bars.  Lops  m  Spiral  Tits  io  be  minimum  (hsianct  of  Z  iurns  wdh 
Spiral  Tit  anchored  wtih  /35*  Hooh. 

4  For  Ptinforctmeni  Cufaff  Elerohon  ,  tic.  ,  see  Schedule  ,  ihis  sheel 

5  Fobricalion  of  Pemforcing  Sleel  Cage  shall  include  Spacing  BhcKs  so  os 
io  marniain  proper  Spiral  Ptich  and  Ver4ical  Sietf  Spacing. 

6  Dri/l&d  •5^ar/3  da  he  /hi/ndecd  do  efevad/ons  ir»d/codc<d  and  c/eeper  os  fiecessoru 
do pencrafe  mio  solid  rock  a  minimum  of  IS  Fee!  For  4S’^  ShoPi  and  20 Feef  fhrGo'* 
Snof! .  Solid  rock  is  dePiacd  in  doie  7  6  shorrn  on  Tt^ico/  Drilled  ShoPi  Elevafion 

7.  For  Drilling/ Pcg'men4  purposes,  scUd  reck  is  deFined  os  one/  moderiol  which 
connoi  be  drilled  wilh  o  Conveniiona/  Earih  Auqer ,  and  requires  fhe  use  oF 
Special  Pock  Augers,  Cere  Barrels.  Air  Too/s,  ofas'fing  and /or  o4her  medhods 
oF  hand  excovod/on. 

8.  Arler  shoFds  are  drilled ,  dhe  Condroedor  in  /he  presence  cF  /he  Pesidend 
Engineer-  shall  record  For  each  shaPd .  dhe  Top  oF  Fock  Efe'rodion ,  Boddom 
oF  ShoFi  Ele-vadions  and  Pysgrnend  Lengdhs  and  sho//  redurn  one  bdueprtnd 
copg  oF  dhis  ccmpleded  sheed  do  dhe  Engineer  so  dhe  dodo  moq  be  reeoreded 
on  dhe  original  plans.  Th/s  Foundodion  Record  dees  nod  replace  eddier 
records  oF  Drilled  ShoFds  regotred  do  be  kepd  and  submtdded  bg  dd?e 

Con  dro  c  dor. 


Urop  INFO  ONLY^A 

Drdkd 
Shod 
Conergie 
(Cu  Yds] 

7.7 
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Shoff 

SlI.Rtmf 

(Lbs) 

1703 

10.3 

2177 

15.6 

3/95 

21.4 

4/35 

20 F 

4CC-0 

33.5 

£410 

17.3 

3355 

lO.I 

3I2C 

<7.5 

4235 

234 

6190 

27.6 

7/65 

TPS 

7655 

136 

£9/5 

12.5 

2500 

11.6 

ZiOO 

11.9 

e4  00 

©  Based  on  ^ 
fJonno!  Dicmefer 
dhcFrs 


^IS'i  Spiral  e 
6‘  Pihh.Ful! 
Lengih - 


dh  Compkii 
wdh 

TYPICAL  C 


3'O’OD  For  4^’*ShoFf 

XTb'OO  For  eo'iShcFd 


id 

■VbV  cold  drawn 

W/flE  or  RLBAR 


3'O'OD  /hr  Ci'ISha'-l 

\iroo  n>r  Sj'i'-S'W 


J'lO'IzJcr  tS'lshaFl 

\s'ic'v  Del  eo'ishur/ 


f'Ci/Zofff/ 
-[!  OLMl.sl) 

f  //■ 


“I I  VCPT  HOOK  flAR 
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3 
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» 


I  iiARUN  niVF.HnioN  rNd.iFi-r 
Ir  l  ACaiHHTTT.;^...  ^ 


|«i  nr  nil 

II  nifunriwi  fitvKfinn  «Mn«H  iifiH  ^ 
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OvEREuRO£M-C(XLL'v!liu.  tSC'-BR  Cl  r  SD-  ^ 
tSM»-SJr  SO.  ■/  Gv'.-CBi  SIZE  SS  FfiACS. 
STIFF  TO  SOFT. 

-V  SoT  HlCHLr  wFA  et'-'AN  CuPUiC  -  TOR  S-3 
-FRAC.  HOR.  UNkEa 
-FRAC.  HOB.  UNWEA 
^  -FRAC.  38* 

''-MOD-WlOELY  SPACED  FRaCS.  MECH 

- SS  BAND.  F  CRA.  HD.  LI  CP 

'"FRAC.  HOP.  SMOOTH 

•^SS  BD.  F  GRA.  HO.  LT  CR 
-BRK  OH  BOO  PLN 
-FRAC.  UNWEA 
-BOH  20.5' 


C  vLRBJROEN-CC-LLUViUM.  (  SC  '-BR 
• SM  r-Sl r  SD  cvt  TO  CBL  Sir 
Sir-SO  I 

-eeSAN  CORING  -  TOR  3.  7' 

-SIS.  V  SO.  mIChlt  ■£A-OECOvtf»OS 
-m£Cm  BRk 

-FRAC.  wEA.  FE  ST  Sufl 
-BOD  PlH  BRK  I 

BRk  .  UNirEA 
MtCH  BRK 

pph.  UNwEa-SL  »Ea 
-SS.  F  GRA.  V  MO 
SS  BAND.  F  CRA.  V  HD 
-FRAC.  H/Al50*>.  ROUGH.  SL  WEA 
-BRK 

SS  BAND.  F  GRA.  V  HD.  LT  GR 
FRAC .  JO*  .  SL  HEA 
-V  HD  SIOERITE  PTC 
-BRK.  unwEa 
-BOH  28. ?■ 


OVERBUROEN-COLLUVIUM.  <SC)~BR  CLT  SO.  8 
(SMi-SlT  SO  »/  Gvl-CBL  S12E0  SS  FRaCS. 
STF-SO 


OvERBURDEN-COLLUVIUM.  (SCI-BRC 

JSMI-SIT  so.  cvl-cbl  sized  s 

STF-SO 


-began  coring  -  TOR  22.0' 

-SIS.  V  SO.  HIGHLY  wEA-OECOt.tf»OSED.  BR 


='<r"CLY  Banos 
SJ  -.''-FRAC.  45*.  ■Ea 
_  .  '•-Cly  fill.  »Ea 

;-Clt  lams 
-  ;  -FRACS 


~NUM  CLOSELY  SPACED  fcCCH  FRACS 


oiYfi  tooa 

33. 5t 
NK  12S>"I 
03/n/91 


-Cly  lams 

-w£A.  CLT  _• 

'  ■■-FRACS.  »EA 
•  -FE  ST 

-CLT.  WEA.  PROe  FRAC 
-CLY  LAM 
-W£A.  SH  FRACS 

•fc€0-«10eLT  SPACED  SH  BANOS  A  PICS 
-BflKS 

-FE  ST.  SIOERITE  BanOS 
-BRkS 

-CLOSELY  SPACED  MECh  BRkS 
^-CLOS£LY-KO  SPACED  “ECH  FRaCS 
'-80H  88.9' 


^ — -BEGAN  CORING  -  TOR  30.9' 

,-BRK 
-  ,--BRK 

"  '.-SS  BAND.  ND-V  MO.  MSS.  F  CRA.  lT  i 
.  -BRK 


OoR  loot 
loot  . 

NX  (2S?'' 
03/12/91 


OvERBuROEN-COLLUViUM,  (SCi-BR  CLY  SO.  8 
(SMI-SIY  SO.  ■/  cvl-cbl  sized  SS  FRaCS. 
STF-SO 


OvERBuRDEN-COLLUViUM.  iSCi-BR  CLT  SO.  8 
ISM>-Slr  SD.  ■/  CVL-CBL  SIZED  SS  FRACS. 
STF-SO 


BEGAN  CORING  -  TOR  3?. T 
BPk 


-began  coring  -  TOR  25.4' 

-C  GRA  IN  middle 

•V  BRK.  SIS  FRACS  IN  Clt  MTx.  wEa 
BRK 


CLOSELx  SPACED  mECm  FPACS 


DwP  loot 

90t 

N»  iZh?"* 
0?-/14.'91 


CvCRBUftOEN-COCLUVlUM.  iSCi-BR  CL T  SO.  A 
:Smp-S!t  so  «/  CVL  TO  C8l  SITED  SS  ERaCS 
STr-  -SO 

-eE.^A.N  COft'lNG  -  TOR  3.7'  SPINS 

-Si$.  V  SO.  HIGHLY  »E*-OECOMPOSED.  BR 

-FRaC.^Sea.  F£  ST  SUR 
-8D0  PlN  BRR 
BRk.  UNwEa 
m£CH  BRK 

BRk.  unwEa-SL  »i£a 

•SS.  F  GRA.  V  HO  - SPIN 

SS  BAND.  F  CRa.  V  HO 
-frac.  h/a(50’>.  rough.  Sl  wea 
-BRk 

SS  BAND.  F  CRA.  V  HD.  LT  CR 
FRAC.  AO*  .  SL  HEA 
-V  HO  SIDERITE  PTC 
BRk.  unwEa 
-80h  ^8.7’ 


OvERBuROEN-COlLUVIum.  <SCi-6R  Cl y  SC.  i 
«SMi-Slr  SO  */  Cvl-CBl  sized  SS  FRaQS. 
STF-SO 


-~SS  BAfiOS.  f  GRA.  V  HD.  LT  CR 


_  -SS  BAND.  F  CRA.  V  hD 

^ - -BRKS 

3*''~^BD0  PLN.  WEA 
...  =1  -SS  BAND.  F  CRA.  V  HD 
><5  -J=r— C  CRA,  V  HD 

L  -SS  bands.  V  F  CRA.  HO 


---FRACS 

close-med  spaced  MECh  fracs 

_ - aOSELr  SPACED  HECH  FRaCS 


OVERBUROEN-COLLLIVIUM.  «SCl-BR  CL  T  SO.  & 
ISMI-Sir  SO.  •/  CVL-CBL  SIZED  SS  FRaCS. 
STF-SO 


OVERBUROEN-COLLUVIUM.  ISO-BR  CLT  SO-  . 
iSMI-SiT  SO  w/  CVL-CBL  SIZED  SS  FRACS. 
STF-SO 


— —began  coring  -  TOR  30.9' 

^-BRA 
_  -  ,--BRK 

— SS  Band.  hD-V  HD.  MSS.  F  CRA.  tT  CR 
.  -BRn 


-HOLE  ABANDONED  DuE  TO  CAViNC 
-BOH  41.0' 


- FRAC.  H/A 

J _ BOH  55.8' 


OMR  NO 
SSI 

NX  <^V•^ 

03/31 /gi 


OMR  100X 
100X  . 

N*  IZS?"! 
03/1^/9l 


OVERBURDEN  -  COLLUVIUM.  CSC»-BR  ClT  $0. 
(Sm'-SIy  so  m/  Cvl-CBL  sized  SS  FRACS. 
STF-SO 


1.  SEE  PLATE  A-T  FDR  abbreviations. 

2.  SEE  PLATES  A-3  THRU  A-S  FOR  DEFINaTJOnS 

AND  DESCRIPTIVE  TERMS. 


_ -began  coring  -  TOR  23.6' 

*■'— -BRK.  ROuCH  SUR 
.  -FRAC.  SO*.  FE  ST 

-SS  band.  F  CRA.  HD.  SL  MEA 
-SS.  F  CRA.  V  hO.  LT  CR 
SS  BAND.  NtD  CR*.  HO.  SL  m£A 
•FRA-,.  H/A-VEPT.  F£  $T 
-BRF.  RCuGH  SUR 
-BRF, .  SMOOTH  SUR 
-FRAC  ,  JO*  .  FE  ST 


SEE  PLATE  M-?  FOR  BORING  LOCATION  Plan. 


SI-BR«s. 

--  OCC  SPUN 


intensely  frac.  moo  MEA.  FE  ST 


OMR  ICO*; 

N»  <  • 

0!/'S  §1 


-FPiC.  lu*.  SMOOTH  SuR 
6«F.  BOuCm  SuR.  F£  ST 
Intensely  frac.  mod  •£*.  CLY 
-FRAC.  45* .  FE  ST 
FRAi'..  70*.  UNwEA 
H  IChl  T  *EA.  »  •  SO  Pl  cl 
iS  Band.  F  GRA.  .  HD.  LT  OP 
6'IH 


v.j.  MHT  tnCHCE*  8ISIAICT 
Cim  OF  CRCHCIKS 
NASMVlLLt.  lEMCSUE 


NAMAN,  RBfTUaCr 


LOGS  OF  BORINGS 


HIGHWAY  3t  BRIDGC  ABUTMENT  NO.  1 


<•.  titc  Mto  frrtf  ttf 


mumMSOBa 


1  m  HI  lU-J  i  ' 


CA2'-1 


CA2-2 


> :  u . : 


POD 


767.- 


98V 


0VER8UR0EN  -  COLLUVIUM.  (SCi-BP  CL»  SO. 
iSM*-SlT  SO  w/  Cvl-CBL  sized  SS  FRiOS. 
STF-SO 


began  coring  -  TOR  9.5 
=■  -FRAC.  60*.  ROUGH 

--FRAC.  30*.  ROUGH 
-FRAC.  20*. SPIN 
^  -FRAC.  75*.  HLD 

-  -FRAC.  20*.  COAL  ■/  CALC 

“  SANDY  ZONE.  LAB  TESTED  - 

— -CLY  PTCS 
—  BOH  2S.0‘ 


SPIN 


BRk 

—  — •  SPINS 


12.891  PSI 


NX  12S?'* 
03/25/91 


1 :  t : .  4 


I  sc 

I  '.Ml-:.!  t  sc.  «•  SIZED 

STF-SO 


ROD 


9S1- 


azv 


ss  — 

>1 

ssl— 


-BEGAN  CORING  -  TOR  20-0’ 
FRAC.  Y5*  dip 

bRi'.i 

-SS  BAND.  F  GRa.  V  mO.  LT  CR 
CLOCELr  SPACED  i-CCm  BR^S 

-BPfS.  T] 

-SS.  F  CRA.  V  mO.  LT  OR 
--60H  39.8 


DWR  100- 
100^ 

NX  (2\>" 


CA2-4  CA2-5 


1213.0  1213.6 


CA2-7 

1214. 6 


SS 

"1.6  UL 
AC  CUM 


SS  ! 
SIS^^ 


OVERBURDEN  -  COLLUVIUM.  tSC»-9R  CLY  SO. 
(SMi'SiT  SD  «/  Cvl-CBl  sized  SS  FRAGS. 
STF-SO 


-began  CORING  -  TOR  13.7- 
•'.'-SS  Band,  v  hO.  NtA.  Thn  BDD-  kCO  CPA 
>CL.  SO.  PL.  ■/  WEA  SIS  FRAGS.  CR 
-FRAC.  50*.  HIGHLY  N€A 
-SIS.  V  SO-SO.  MOO  NEa.  ok  GR 
-SPIN 
-FRAC.  SO* 

-FRAC.  M/A,  FLO  */  SO.  WEA  SIS.  GR 
BOD  Pln,  BRK.  FOS 
600  Pln.  BRK 
-SPIN 

SS  BAND.  F  GRA.  LT  CR 
-SS  BAND.  V  MO.  F  CHA.  LT  CR 
-BOm  36.2' 


-FRACS.  HIGHLY  SCOURED 


-8RKS.  OCC  Sl  SCOURED 


3 


2 


0.'ER5uS?£\  -  {fCi-6R  CLT  SO- 

so  o^L-csi  sirto  ss  fraos. 

iIF-S*0 


Ov£RBlrRP£N  -  COLLUVIUM-  «  S-Ci -6R  CLT  SO. 
JSMi-Sli  SC  If/  Cvl-CBl  SI2£P  SS  FRaOS. 
STF-SO 


Z^. _ >eCCAN  CORING  -  TOR  2?.  O' 

— BRK 

—  ' — CLOSELY  SPACED  MECH  BWS  if/  OCC  CLY  PTC 


-BPkS.  T| 

-SS.  F  GRA.  V  HO.  lT  CP 
-eOM  39.8 


—Closely  spaced  mech  brks 

"SS  BAND 
=-SS  band 

-SS  BAND.  F  CRA.  V  HO.  lT  CR 
^OH  40.9 


OvR  100TL 
lOOT 

N»  <2S,'> 
03/Y9/91 


OvCReuRPEN  -  COLLUVIUM.  (SCl-BR  CLY  SO. 
tSMi-SiT  SO  «/  Cvl-BLDR  SI2E0  SS  FRaCS. 
STF-SO 


SANOSTONt  BOULDER 


--began  coping  11.3' 
-TOP  »8.S' 

•FRAC.  M/A.  FE  ST 
-SPIN 

-FRACS.  45* 


SS  Band.  V  HO.  F  CRA.  uT  CR 
-FRAC.  60*.  T| 


OUR  ND 
97a 

N»  l2S?-' 
03/20'9l 


ROD 

r-3.3'UL—  : 
;  ACCUM"^ —  : 
35a-  SS 


Overburden  -  colluvium.  «sci-eR  cir  so. 
(SMI-SIT  so  •/  CVL-CBL  SIZED  SS  FRACS. 
STF-SO 


. _ ^-BECAN  coring  -  TOR  13.7* 

“v _ _  SO-SO.  HIGHLY  wEA.  DECOMPOSED 

— SS.  V  HO.  MOD  WEA.  ICO  CRA.  THIN  BOD 
-1 ,  HIGHLY  WEA  SUR 
i  ^FRAC.  70* 

T- - brks 

ss  BAND.  V  HD.  F  CRA.  lT  CR 


0«R  ND 
Bit  . 

NX  (2S*» 
03/0B/91 


1.  SEE  PLATE  A-2  FOR  ABBREVIATIONS. 

2.  SEE  PLATES  A-3  THRU  A-5  FOR  DEFINaTIONS 

ANO  DESCRIPTIVE  terms. 

3.  SEE  PLATE  M-2  FOR  BORING  LOCATION  PLAN. 
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locM  rtoTtcnoM  moikt 
MAJHAN.  KCMTUaCT 


LOGS  OF  BORINGS 

HIGHWAY  M  BRIDGE  ABUTMENT  NO.  2 
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OtILLIHC  LOG 


IIABLAN  DIVERSION  PROJECT 
Hlshway  38  Bridfte  Abutaent  No. 


.  DtnCCtlOM  Of  HOiC 

6n*«"*'«**-  0"*e' 
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FEATURE  HO. 

DESCRIPTION 

© 

.Tt  T!-'.  i<M4, 

li-K^  J.y  AltMfti  -K  \/Z><  . 

\j  r 

ty^Lu  .Vw-* 

/T*-*  /?rr  „niARKs:/itA  -« 


Lin«  A-C  is  along  calaaon 
rov  alignaant. 

Baaring: 

Croundwatar:  _ 

Drill  Tiae;  _ 

Concrata  Placad;  7-?-  *)/ 


Plat*  H-6 


IlMyKimi 

<Mtl> 

j“r«?nrn 

MARI.AN  mVKHSION  rRiKlKn 
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nenrinq: _ A/  5*^* 
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r’t«ir*rr>1  r> 
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FEATURE  HO. 


DESCRIPTION 
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C/y  fe^S 

HZ  ,  ^ 

DESCRIPTION 
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RFHARKS: 
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Groum!wntp*r :  ffT^±T 

Drill  Tl»":  _  _ 

»»  |•l.^‘••  I: 


Plat*  H-15 
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FEATURE  NO* 

DESCRIPTION 

REMARKS: 

Lin*  A-C  1*  along  caisson 
row  alignaent. 

Baaring:  _ HS*^ 

Groundvatar:  _ 
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L  ALL  instruments  SHALL  BE  INSTALLED  BT  THE  CONTRACTOR. 

EXCEPT  FOR  THE  OBSERVATION  WELL  ANO  THE  (MPBxi  EkTENSOmETEI 
WHICH  WERE  installed  By  THE  GOVERNMENT. 

2.  ALL  instrumentation  SHALL  BE  PROTECTED  AND  READ  BY  THE  C0f< 
Throughout  the  duration  of  tme  contract,  a  protective  housi 
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5.  SEE  DWG.  NO.  OlA-64/80  FOR  INSTRUMENTATION  SECTION  ANO 
DETAILS  OF  INSTRUMENTS. 
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L  The  CONTRACTOR  SHALL  PROTECT  THE  (SPBX) EXTENSOMETERS 
REFERENCE  HEADS.  ROCK  BaT  LOAD  CELLS.  AK>  (TX)  TAPE 
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SEE  DWG.  NO.  OIA-64/79. 
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SECTION  D-0  TYPICAL  ROCK 
BOLT  load  cell  LAYOUT 


[stamless  tube 

WELDED  TO  1/4* 
BALVAMZEO  PIPE 


77-J2/2JZJ/ZZZZZr7/Z^^^ 


stainless 
STEEL  ROD 


6  INCH  SCH-80 
PVC  PPE  WITH 
MTERNAL  THREAD 

'SCREW-M  PVC 
PROTECTIVE  CAP 


C^PTM  CAGE 
ACCESS  HaE 


-REFERENCE  HEAD 


NOTEi 

TIC  PROTECTIVE  PVC  CAP 
AS  SHOWN  FOR  the  ($P8X) 
EXTENSOMETERS  SHALL  BE 
TIC  SAME  PROTECTIVE  PVC 
CAP  FOR  THE  ax>  TAPE 
EXTENSOMETERS.  A  S-MCH 
SCH-80  PVC  PPE  WITH  A 
SCHEW-W  PVC  PROTECTIVE 
CAP.  SEE  OETAH.  a. 


4’  MM.  Fe£R 
REMFORCEO 
SHOTCRETE 


detail  a 

(SPBX) EXTENSOMETER 

(NOT  TO  SCALEl 


.3 

?'3-9A 

Ai  CONSTRUCTED 

S.B.D. 

JUH  8‘ 
MUAY  69 

DELETED  NOTE  6  1  RENAME  NOTES  TAB- 
CON(ORM»<  TO  REvC*  COMMENTS 

B.F. 

LEWS 

CEO 

CEO 

Ravisiono 

Dots 

Oescript  ion 

>/ 

Chock  «d 

C,  t.  OiVlS 

OrowA  Byi 

LTIA  lews 
CnvcuM  By: 


Croofiic  Sea* 

ILS.  tAfT  DOCU  OSTMCT 

tom  or  CMACERS 

NIS«(V1.1C.  Uitcsscc 

ffn  UfTtR  Cui«CN.4lO  MvC* 

TvlTcm  local  PROUCICH  PROJtCI 

HARLAN,  KENTUCKY 
OlvtRSiOW  tUNHCLS 

WSTRUMENTATlON  SECTION  &  DETAILS 


MAT  _ 

Sort*!  Orowlng 

I 

Hcord  Orovtng  os  constructed  dotso 


PLATE  1-2 


D.t.  -  »rol.ct.  _  .  INST.O«HT*T10«  »..AY  tOC»TI«l 


66  0.11  i  »  I  If  f,  r  //4///  ll*oA 


IMTHimWATtOK  AltMr  COCArroW  ■  •  ;  .  _  tMTAUMeMTATIOH  AAAAY  tOCATIOI. 


llfiC. 


iMSTAUneHTATtON  AKKAr  LOCATtON 


igtu 


IMSTRUnCNTMTlOK  KRRAf  LOCATtOM  INSTRUMCNTATION  ARRAT  LOCATION 


tNSTRUneNTATION  ARRAT  LOCATIOH 


IHSTRuneMTATIOH  MIRItT  LOCkTIOM  '  " 


GRASSETTO/INCISA.  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-l 


300 


200 


100 


ANCHCII2 


ANCHORS 


ANCH0R4 


ANCHORS 


0  7  •  11  13  IS  17  10  21  23  2S  27 

MONTH  OF  JANUARY.  1991 


20  31 


o 

-100 

1- 

X 

SO 

-200 

§ 

-300 

1 

ANCHORS 


EXCVWR 


D0L1MB 


SHOTCRETE 


TUNNB.«1 
STATION  2S^ 

ELEVATION  OF  REFERBCE  ICAO  •  1478 . 02 


(0 

s 


ZENO  B  NTIAL  READOO . 

AS  OF  1/2S  TIC  PLOTS  HAVE  BEEN  COWCCHD. 


GRASSETTO/INCISA,  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-l 


^  200 


Bl 

^B 

IB 

^B 

IB' 

bbhb 

■■ 

HB 

BB 

IB 

HH 

'HI 

'HH 

S 

IH 

IB 

Bl 

Bl 

bb 

bb 

bb 

BH 

B 

Bl 

BH 

Bl 

HH 

IB 

IHI 

m 

HM 

IB 

BB 

Bl 

HI 

bb 

BB 

bb 

HB 

HH 

bh 

BB 

Ml 

^Bl 

■ 

HH 

Bl 

bb 

bb 

bb 

bb 

bb 

BH 

IB 

IBI 

BH 

«s 

3(H 

^B 

HI 

HH 

IB 

IB 

Bl 

IB 

IHI 

IBI 

Bl 

IH 

HB 

&B 

^B 

^B 

■ 

H 

BB 

Bl 

HI 

BB 

bb 

BB 

BB 

HB 

Idl 

u 

S5 

HH 

^B 

■ 

bb 

Bli 

Mil 

BB 

BB 

Bl 

n 

IB 

bh 

^B 

I^B 

Bl 

■ 

10 

^B 

iw 

^9 

•5 

Ni 

?? 

?B 

B 

iS 

bb 

BB 

bb 

IS 

wm 

S 

B 

2b 

Sb 

BH 

s 

Sb 

B 

1, 

I 

bb 

BB 

BB 

BB 

BB 

IB 

bb 

BH 

BB 

IB 

^B 

3 

bb 

BB 

M 

bb 

bb 

BB 

BB 

bb 

wm 

BB 

SB 

Id 

HH 

bh 

IB 

■ 

I^B 

mi 

Bl 

HI 

HI 

BH 

Bl 

HB 

B 

IB 

HH 

HH 

hh 

Bl 

IHI 

w 

w 

Bl 

HI 

HI 

bb 

IB 

bb 

IBI 

^B 

bb 

BH 

HB 

^^1 

IB 

BB 

Bl 

bb 

m 

HH 

BH 

IBI 

BH 

^B 

HH 

1^1 

^B 

B 

IB 

BB 

Bl 

IB 

IB 

bb 

IB 

B 

Bl 

HI 

IH 

s 

HH 

1^1 

^B 

■ 

^B 

Bl 

I^B 

HI 

IB 

IB 

BH 

IBI 

1^1 

B 

■ 

bb 

HH 

IB 

^^1 

HI 

IBI 

HB 

^^1 

BH 

m 

HB 

^^1 

Bl 

^^1 

^B 

bh 

1^1 

■ 

IB 

IB 

^B 

bb 

HI 

^B 

^B 

^B 

^B 

Bl 

bb 

bb 

IB 

IHI 

B 

■ 

^B 

BB 

^B 

Bl 

■1 

Bi 

HB 

HB 

hh 

Bl 

B 

^B 

Hi 

^B 

^H 

B 

300 


100 


S  7  0  11  13  IS  17  10  21  23  2S  27 

MONTH  OF  FEBRUARY.  1991 


20  31 


TUMB.«1 
STATION  2s»aa 

ELEVATION  OF  REFENENCE  ICAO  •  1476.02 


-200 


-300 


ANCH0n2 


ANCHORS 


ANCH0R4 


ANCHORS 


-100  I- 


ANCHORB 


EXCVHOR 


BOLTMQ 


SHOTCRETE 


[zblO  B  WTIAL  REAOW^ 


PLATE  1-12 


DISPLACEMENT  (1/1000  NCH) 


PLATE  1-13 


GRASSETTO/INCISA,  J.V. 

HARLAN  DIVERSION  PROJECT  fc 

EXTENSOMETER  MPBX-2  fe- 


o 


ANCHOR2 

ANCHORS 

ANCH0R4 

ANCHORS 

ANCHORS 

EXCVHDR 

BOLTNQ 

• 

SHOTCRETt 


AUGUST.  1991 


NOTED  ERRATIC  REAOMOS  ON  6/24 .  I 
ZERO  IS  INT1AL  REAOINQ  FOR  ALL  FONTS  i 
TINNEL  *2  /  STATION  2ft^ 


NSTRUMDfT  WAS  REPARED  AND  REMTIALIZEO  7/8 
PAUL  ROSS  REPAIRED  INSTRUMENT  ON  7/6 
STARTMQ  ON  7/S  IS  NEW  SET  OF  NUMBERS 


GRASSETTO/INCISA.  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-2 


s 


— } 

- q 

_ _ 

— — 1 

- 1 

' '  T 

— 

aoo 

^  ANCHaR2 

— 

i — ..  . 

^_.p— 

-ai 

, 

' 

" 

^  ANCHOnS 

. , 

-  ' 

200 

100 

0 

-100 

-200 

^  -  1 

1  ANCHOR# 

.j 

. 

' 

0 

h-  ANCHORS 
><  - - - 

■ 

, _ ^ 

a=a 

. 

_ 

J 

SB 

!=**! 

— 

1  ANCHORS 

• 

1  Excvrap 

^  BOLTMO 

8  "" 
SKOTCRT 

SEPTEMBER.  1991 


NOm  OVUTIC  MMMOi  CM  SOS . 
2BU  ■  MTML  REAONQ  ran  MX  raWTS 
lUMEL  as  /  STA1XM  2B»a 


tani«MB4T  W AS  I9WB>  AID  MMTIMJZED ' 
PM*.  ROSS  nEPAHB)  l«T1MtB4r  ON  7/B. 
STAintia  ON  7/B  a  NEW  SET  OF  NUNBCNS . 


PLATE  1-14 


PLATE  1-2 


•  •  •  • 


•  •  • 


GRASSETTO/INCISA,  J  V 


HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-4 


FEBkUARi',  1992 


^  anchor  2 

5  * 

< 

anchor  i 


z 

Q  anchor  4 

L)  - a - 

D 

£i:  ANCHOR  5 
L/^  « 

z 

g  anchor  6 
O 

£XC/  "DR 
X 

m  . 

CL 

2  90L  nNC 

5  • 


0^  ShC''C'<C’£ 
u.  ^ 

5 

Cj 


I  TtSNEi  »» 

STATON  :'-:a  7 

■SlEvaicn  QE  =£.'E»ESCE  "EaC  •  iaa3  0;| 


_  • 

'  ;£»-:  'NiEiAt  REAOiNO 


GRASSETTO/INCISA.  J.V.  •  • 

HARLAN  DIVERSION  PROJECT  - 

EXTENSOMETER  MPBX-4  A 


?  anchor  2 
3  ^ 

^  anChOR  3 


z 

o 

u 

in 

z 

o 

u 

o 


ANCHOR  4 


ANCHOR  5 


ANCHOR  6 


X  E*CV  hOR 

CD  ^ 

a  • 

^  BariNC 

§  • 

J  SMOICRE7E 

(/> 

o 


MARCH.  1992 


Tunnel  |4 
station  27*24  7 

ElEvATiON  Of  REfERENCE  hEaQ  ■  144302 


!  :ero  s  n.t.n.  Rl' 


PLATE  1-16 


GRASSETTO/INCISA.  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-5 


OCTOBER  OF  199' 


«4 

'  S»AT,ON  15*^3  4 

jC'.e.ATiON  jr  &£rEO£NCE  hEaO  - 


s  it  stAO'Nu 


GRASSETTO/INCISA,  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-S 


NOVEMBER.  1991 


;CBO  'S  iNir.v  Rt»oiNo 


PLATE  1-17 


GRASSETTO/INCISA.  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-5 


12/2/91  '2/3/91  12/4/91  i2/5/9t  12/6/91  i2.'7,9i  12/9/9'  '2/16/91 


DECEMBER,  1 99 1 


UJ 

UJ 

L_ 

O 

ANCHOR  2 

z 

Cs 

< 

ANCHOR  3 

UJ 

X 

z 

g 

anchor  4 

u 

D 

ANCHOR  5 

q: 

I— 

in 

z 

o 

anchor  6 

u 

o 

ExCv  mOR 

X 

CD 

CL 

BaTiNC 

2 

■ 

5  SmO^CRETe 
LSI  . A-.-- 


Q 


IbNNCL  I* 

SU'iOS  15-93  »  _ 

I  E-EVATICN  or  9CfC9ENCE  "CAP  ■  1438671  :  ;£RO  iS  iM'iJi.  g5»D'NC 


-It 


GRASSETTO/LNCJSA,  J.V. 

HARUN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-6 


0.1 

0.00 

o.os 

0  07 
0.00 
0.00 
0.0« 
o.os 
0.00 
0.01 
0 

-0.01 

-0.00 

-0.00 

-0.0« 

-o.os 

-0.00 

-o.or 

-0.00 

-0.00 

-0.1 


300 

200 

100 

0 


1  3  0  7  0  11  IS  10  17  10  01  23  25  27  ao  31 


5 


o 

z 


R 

X 


ANCH0R2 


ANCHORS 


ANCH0R4 


ANCHORS 


ANCHORS 


EXCVICR 


2  B0L1MQ 
SHOTCRETO 


MONTH  OF  APRIL.  1991 


Tu«<a«s 

STATION  1S»20 

EUiVATION 07  RtTBiaCg  1€AD -  1407.07  j 


aWOlSMTlALHEAOWQ.  | 


•  i 


PLATE  1-18 


•  •  • 


PLATE  1-19 


GRASSETTO/INCISA.  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-7 


ANCHOR2 


ANCHORS 


ANCH0R4 


ANCHORS 


1  a  S  7  9  11  13  IS  17  IB  21  23  2S  27  2a  31 

MONTH  OF  JANUARY.  1991 


O  ANCHORS 
»-  . 

X 

^  EXCVHOr. 
^  BIXTI« 
**;  SHOTCRETE 

co 

S 


ON  12/17/90  TUMB.  2  MTtATEB  MPBX-7  FOR  DAILY 
READMOS 


TUNNB.  *2  /  STATION  1S>33 


NO  READMQ  WAS  TAKEN  ON  1/1/91 . 


ZER0ISNT1ALREADINQF0R  ALLPOarrS.  I 


GRASSETTO/INCISA,  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-7 


(3 

Z 

s 

iS  ANCHOR2 
I  - 

§  ANCHORS 


ANCHOR4 


ANCHORS 


O  ANCHORS 
•-  -  . 

X 

EXCV1CR 
^  BOLTNQ 
“•  SHOTCRETE 


MONTH  OF  FEBRUARY.  1991 


ON  1 2/17/90  TVJMe.  2  NTUTtD  MPBX-7  FOR  DAILY  ! 
REAOMQB.  I 

TU4NEL  *2  /  STATK3N  1S>33  I 


ZERO  IS  NT1AL  REAOINQ  FOR  ALL  FONTS . 


PLATE  1-20 


GRASSETTO/INCISA,  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-7 


0.1  r 

“T 

0.08  ^ 

1 

0.06  r 

-T 

m 

0.07  L 

— L 

O 

0  06  L 

s 

X 

0.08  !- 

— i- 

0  0*  r 

0  03 

0.02  - 

— 

Z 

0.01  r 
0  - 

-t 

-0  01  - 

u 

-0.02  - 

— 

O 

-0  03  - 

— 

< 

-0.04  - 

— 

Sl 

-0.06  - 

— 

CO 

-0  06  - 

- 

c5 

-0  07  - 

— 

-0  06  - 

— 

-0  09  - 

— 

-0.1  - 

— 

ANCHOR2 


ANCHORS 


ANCH0R4 


ANCHORS 


MONTH  OF  MARCH .  1991 


ON  12/1 7/90  TJNN2.  2  INJlATEO  MPBX-7  FOR  DAI.Y 
Ri-'OIN  jS 

«2  /  STATON  IS-SS 


— 

o 

o 

ANCHORS 

2  -100 

1- 

>e 

m 

EXCVFOR 

1-200 

— 

— 

z 

BOLTNQ 

-  -300 

c 

■  - 

SHOTCRETE 

H* 

00 

o 

rSRO  IS  NTIAL  REA3NQ  FOR  All  POINTS 


GRASSETTO/INCISa.  J.V. 

HARLAN  DIVERSION  PROJECT 

EXTENSOMETER  MPBX-7 


•  • 


— 

— 

— 

— 

— 

• 

— 

- - 

'  ■ 

pq 

- - 

R 

— 1 

300  5 

: 

}  ANCH0N2 

“H 

r=^ 

1  ANCHORS 

— 

-- 

_ 

_ 

— 

— 

■ - 

— 

— 

— 

_ 

— 

— 

200  L 
1 

100  s 

h 

0 

»  ! 
c 

-100  ► 

-200  ! 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

— 

[  ANCH0R4 

□ 

— 

£ 

— 

— 

— 

— 

— 

5 

=X^ 

:=±s 

s 

- — : 

— 

— 

— 

— 

^  U 

>  ANCHORO 

* 

* 

■■1 

i  EXCVHDR 

fe  * 

1  BOLTWQ 

!  ■-  -• . 

'  SHOTCRETE 

” 

” 

. 

” 

1  3  6  7  9  11  13  18  17  18  21  23  26  27  29  31  ^ 

MONTH  OF  APRIL.  1991 


ON  12/t7/B0 
HEAOWGe. 

I  TUNNEL >2/ 


TUSte.  2  KHATED  MFBX-7  RON  DAILY 
STATION  16*38 _ | 


1  ZENO  WKT1ALHEADINQ  FOR  AaPOWTS.  | 


PLATE  1-21 


Grassetlo/lncisa,  J.V. 

Harlan  Diversion  Project 

Extensomeler  MPBX-8 


300 


200 


too 


0 


-too 


-200 


■300 


0. 

5 


Anc^of  2 

V>chw  3 

Anchor  A 

Anc  riof  5 

Anc  nor  6 

Eic  Hog 

8oii.'>g 

■ 

Sncic'ete 


September  1990 

T^nf-ei  <1  I 

SlCI'On  '3*65  I  ■  '■■  ■ 

E'e^otion  weoa  ■  t*it*3|  '  2*^0  ''Aga'^g 


Grasselto/Incisa,  J.V. 

Harlan  Diversion  Project 

Extensometer  MPBX-0 


0  1 
0  09 
c 

^  007 

S  0  06 

O  0  05 

2  0  04 

^  0  03 

^  002 

001 
C  0 

^  -001 

I  -0  02 

o  -0  03 
-0  04 
W  -0  05 

5  -0  06 

-0  07 

-ooe 

-0  09 
-0  I 

xO 


Q  vxnof  2 


Q  Anchor  6 


^  E.c.  «og 

3  . ^ . 

E  Boibng 

O  ^ 

^  ■ 

•-  Sholcrete 


October  1990 


Tunne*  ft 
Stotion  '  3*65 

Pttffr«nct  Heod  CKvOt'on  1415  43 


j  Zero 


ifMiiQi  'foa  ''g 


PLATE  1-22 


ELEVATION 


PLATE  1-24 


LOAD(Kips)  LOAD(Kips) 


PLATE  I-ll 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL  (L3DS)  READOUT  GRAPH 


''Ml  -  L'Oy) 
j- 

0  '  -  *9'  2  '  *e  aft’  dn  b'O  0-  wa-  si  Nv  ►  w  j’.i’  No 

'  oj  te 


PLATE  1-25 


PLATE  1-12 


•  •  • 


•  •  • 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL  (L5US)  READOUT  GRAPH 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL  (L6A)  READOUT  GRAPH 


TiME(Dov  / 


Looo  cel'  lb*  msto'ied  9/26/90 

Locai'o''  C'C»n  Sfouo"  lb 

C‘*voiio^  i‘’88  2 


PLATE  1-26 


•  •  •  •  • 


•  •  • 


HRRLRN,  KENTUCKY 


LOAD(Kips)  -j.  LOAD(Kips) 


Loao  cc'i 
Locotion 

C'eyotio*^ 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL  (LIIC)  READOUT  GRAPH 


TiUEvDoy) 


e<3  n  ■ '  4  90 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL  (L12D)  READOUT  GRAPH 


TiME(Day) 

;’20  'r.5foii«d  n/2  7/90 

.'0»n  Stal'On  !1*26  T^r.^ei  T-J 

’188  47  mat  9^  NO  fuRTnER  MONi^COiN 


PLATE  1-29 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL  (Lt5E)  READOUT  GRAPH 


lO^,  i***,  l*"*,  A  1**^,  >>•■'  o'^'  ^^^''tb‘'"V“ 

;•  O'  \T  O  T.T  'i.T  0^  O^  0^  V  ^  ^0  .  V  Ci'  ’>‘^  .o'*  V  IP  c^T 


0* 


T.ME.:Doy) 

.j'23  ten  . '  5»£  i'“5'0'ea  ■.  Oc '90 

>.2<0’C^*l  “'Q>-‘'>.  ^  StJt'On  ‘d»c8 

t  e.ovon  ■  'fl*  03 


'--•'e  '--  '  a/’2,  t 

v'  MAT  9;  NC  Mi.*«Cw*S,. 


HARLAN  DIVERSION  PROJECT 

LOAD  CELL (L16US)  READOUT  GRAPH 


TiME(Day) 

Lood  Ceil  Li6uS  insioiied  28  ^£0  9' 

LocoiiQT'  Sio  30*20  ’O'  Lt  o’  Tf  Wall  of  T-3  0’  mat  92  NO  rt'RfMEft  MONt’OftiNC 

£ieva(ion  12’0  ’0 


PLATE  1-31 


u 

u 

L 


HflRLRN,  KENTUCKY 

TRPE  E  X  TE  NS  O  M  E  TE  R  S  ,  T1 


□ 

A 

X 


08-Feb-91 


20-t1or-91 


29-flpr-91 


mm  1 

f[[i  i 
ifm'if  ] 


2a-Feb-91  09-flpp-91 

D  n  TE 

RRRRY  "C"  STR.  2555 


U 

U 

li. 


HflRLRN,  KENTUCKY 

TRPE  E  X  TE  N  S  O  M  E  TE  R  S  ,  Ti 


DRTE 

RRRRY  STR.  995 


i 

i 

I 


PLATE  1-35 


PLATE  1-37 


PLATE  1-39 


i7-Mop-92  06*flpr-92  26-flpr-92 

27-Map-92  lG-flpr-92 

DRTE 

RRRRY  •'R--  STR.  2905 


PLATE  1-40 


C  NC  H  E  S 


01 

u 

I 

u 

Z 

H 


HRRinN,  KENTUCKY 

SPB  E X TE NS Q ME TE R S ,  T1 


511(18]]) 

S2fi(l!]]) 


Anchor  Dapthi 

SIA  to  ft. 
S2A  S  ft. 


D  R  TE 

RRRRY  "R"  STR 


18-MQy-92 


1  0 


HflRLRN,  KENTUCKY 

SPB  E  X  TE  NS  O  ME  TE  R  S  a  T1 


5]fl|li]3) 

531(18]^) 


Anchor  Oopthi 

S3A  I  ft. 

S4A  to  ft. 


H-flpr-gi  18-l1ov(-92 

DR  TE 

RRRRY  •■R'  STR.  10TT 


PLATE  1-41 


mim 


\s\ 

hi 

I 

U 

Z 

Anchor  Dopl>i 
S9B  X 
SlOB 


.815  -I - 

27-Oct-90 


I  01-Dec-91 

18-Jun-92 

D  R  TE 

RRRRY  "B"  STR.  136V 


HflRLRN,  KENTUCKY 

SPB  E  X  TE  NS  O  ME  TE  R  S  ,  T1 


mm 


INCHES 


